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Abstract: If there are uncertainties in a project, let it be in durations, in quality or in costs, you 
have to work with probability distributions. PERT, for example, uses beta distributions to 
calculate durations that are described by only three values (optimistic duration, most probable 
duration, and pessimistic durations). PERT then determines the critical path by taking into 
account the expected durations and builds the convolution of the densities along the critical 
path. 
The main problem in this method is the fact that if you deal with probabilities, you do not have 
a unique critical path anymore. As a result the whole controlling process becomes more 
complex. Especially any approach that is based on the critical path is very problematic because 
the critical path determines the start and finish dates of the individual activities by calculating 
the project back and forth. As a consequence, the occurrence of an extreme duration at the end 
of the project can be crucial also for the beginning of the critical path.  
In this contribution we will look at a fictitious project, execute a Monte Carlo simulation in 
advance, then assume realizations and analyze the consequences to the distributions of the 
remaining tasks. 
 
1 Introduction 
 
As a project is “a temporary endeavour undertaken to create a unique product, service, or result” 
[1], every project contains risk and managing these risks often becomes a critical concern. 
Therefore in every project there is the need to implement some kind of risk management (cf. [1], 
[2], [3]), which normally contains the following phases:  
 
 (1) risk management planning,  
 (2) risk identification,  
 (3) qualitative risk analysis,  
 (4) quantitative risk analysis,  
 (5) risk response planning, and  
 (6) risk monitoring and control.  
 
This has to be seen more or less as a chain or better as a circle that you permanently have to 
work through. But as a chain, this process is as weak as its weakest link. So if you are not able 
to identify the really crucial risks, there is nothing to analyze. If you are not able to evaluate 
risks and therefore cannot plan how to respond in an adequate way, you cannot handle the risks. 
The risk management plan defines the roles and responsibilities, the risk budget, the 
methodologies etc. in the beginning. Therefore you can see this as setting the infrastructure of 
the risk management process. The next steps are the risk identification process and the 
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qualitative and quantitative risk analysis. Especially in the steps (3) and (4) some 
analytical/statistical methods have to be used because you have to work with uncertainties and 
therefore with densities and distributions. 
Risks in projects can occur in different dimensions, such as time, costs, quality etc. A risky 
event that may happen is normally characterized by two aspects: The probability of occurrence 
and the impact that is a consequence out of this event. Both aspects possess probability 
distributions that have to be estimated. But already at this stage we can deduce that a planning 
process can never forecast the exact realization of such an event, if only distributions are 
estimated.  
Let us now assume that the steps (1) to (3) have already been done, look a little more into the 
details of step (4), skip step (5), and look predominantly to the consequences for the risk 
monitoring and controlling phase.  
 
2 A Fictitious Project   
 
In this contribution we will only consider uncertainties related to time. A commonly used 
approach to deal with this is PERT (cf. [3], [4]), but as previously shown (cf. [5], [6], [7]) there 
are some known disadvantages of this method. We will mention them here, but also show how 
to overcome them (cf. [8], [9]). Let us start with the project plan given in fig. 1. Because the 
original PERT assumes beta distributions that easily allow the calculation of the expected 
durations (ED = (OD + 4 MD + PD)/6) and the standard deviations (STD = (PD – OD)/6) of the 
individual activities, these values are also provided here.   

 

        

Activity Predecessors OD MD PD ED STD
A - 2 3 4 3,000 0,333
B - 3 6 9 6,000 1,000
C - 2 5 10 5,333 1,333
D - 4 6 9 6,167 0,833
E A, B, C 3 7 10 6,833 1,167
F C, D 2 7 9 6,500 1,167
G E 2 3 4 3,000 0,333
H E, F 3 6 8 5,833 0,833
I F 3 6 9 6,000 1,000
J F 2 7 10 6,667 1,333
K G, H, I 2 6 8 5,667 1,000
L I, J 3 5 8 5,167 0,833  

 
Fig. 1. A fictitious project plan 

 
We do not want to discuss the PERT approach here in detail (e.g. the assumption of beta 
distributions), because this is well documented in the common textbooks. The basis of the 
PERT approach is the critical path, calculated with the expected values, and the convolution of 
the distributions along this critical path that leads (due to the central limit theorem) to a normal 
distribution with the given expected values and standard deviations. In order to give an 
impression of the structure of the project and because in the following parts we will several 
times look at the “criticality” of the individual activities, the net and the critical path (bold 
arrows) that is used for the PERT approach is shown here (cf. fig. 2).  
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0 A 3 12.833 G 15.833
3.167 3 6.167 15.833 3 18.833

6 E 12.833 18.667 K 24.333
0 B 6 6.167 6.833 13 12.833 H 18.667 18.833 5.667 24.5

0.167 6 6.167 13 5.833 18.833
Start End

0 C 5.333 12.667 I 18.667
0.833 5.333 6.167 6.167 F 12.667 12.833 6 18.833 19.333 L 24.5

6.167 6.5 12.667 19.333 5.167 24.5
0 D 6.167 12.667 J 19.333
0 6.167 6.167 12.667 6.666 19.333  

 
Fig. 2. Net and critical path (used in PERT) 

 
Afterwards a Monte Carlo simulation was performed: 10,000 cases were generated following 
exactly the same beta distributions for the durations of the individual activities that were used in 
PERT. Fig. 3 shows the graph of the normal distribution of the total duration of the project that 
was the result of PERT and additionally the distribution of the Monte Carlo Simulation.  
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Fig. 3. Distribution of the total duration of the project  

 
As it is clearly seen, the PERT approach underestimates the real risk. The reason for this is the 
fact that if you deal with distributions, there no longer exists a unique critical path and 
consequently the whole PERT approach fails. Additionally PERT does not take into account 
that within the calculation of the critical path you frequently have to use the maximum function. 
This is the main reason for the fact that the real mean is higher and the standard deviation is 
smaller (cf. [6]). Within the project you will find activities that are totally uncritical (0%) or 
critical (100%). But the most common case will be that there is a probability between zero and 
one that an activity becomes critical (cf. fig. 4). For this reason we use the term “critical field” 
instead of “critical path”. By comparing fig. 2 and fig. 4 we see that the critical activities in the 
PERT approach not necessarily coincide with the activities with the highest probabilities to 
become critical in the Monte Carlo approach. And not only the property of being “critical” have 
now to be described by distributions, also for the buffers we only get distributions: If you start 
with distributions, you will have distributions within all calculations (cf. [7]).  
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A G
0 0

E K
B 3266 H 6060

2365 4279
Start End

C I
2710 F 2602 L

6734 3940
D J

4925 3119
 

 
Fig. 4. Number of times that an activity belongs to the critical path (N = 10,000)  

 
In the beginning, when the activities A to D can be started in parallel, A can never be critical, B 
and C with probabilities between 20% and 30%, whereas activity D (with a probability of 50%) 
is the activity that most likely becomes critical. If you compare these probabilities with the 
parameters OD, MD, and PD in fig. 1, you recognize that the probability of being critical not 
only depends on PD, but on the whole shape of the distribution. Here is also a first hint for 
further research: What happens if we assume other distributions?  

  
3 Consequences for the Control Process 
 
In practice the critical path is the common guideline for the controlling process. Therefore you 
need a change in paradigm if you understand that in the case of uncertainties there is no unique 
critical path. You can easily show that different realizations within the ongoing process lead to 
different changes in the critical path (cg. [10]). Moreover because of the back and forth 
calculation of the critical path, it is also possible that a single uncertain event at the end of the 
project may change the whole critical path, also in the very beginning of the project. (Here some 
analogies can be found to the Wagner-Whitin approach in dynamic lot sizing.)   
To show this in our example, we assume that we observed exactly the realizations that led to the 
critical path that is shown in fig. 2 apart from the fact that in activity K we realized a duration of 
8. This will lead to a critical path that is shown in fig. 5. As it is clearly visible, this single 
change leads to a different critical path: Some activities that formerly were critical are no longer 
critical and the other way around. Additionally the new critical path contains parallel critical 
activities. 
 

0 A 3 12.833 G 15.833
3 3 6 15.666 3 18.666

6 E 12.833 18.667 K 26.667
0 B 6 6 6.833 12.833 12.833 H 18.667 18.667 8 26.667
0 6 6 12.833 5.833 18.666

Start End
0 C 5.333 12.667 I 18.667

0.666 5.333 6 6.167 F 12.667 12.667 6 18.666 19.333 L 24.5
6.167 6.5 12.667 21.5 5.167 26.667

0 D 6.167 12.667 J 19.333
0 6.167 6.167 14.833 6.666 41.780  

 
Fig. 5. Net and critical path with duration of 8 in activity K 
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4 Conclusions and Remarks 
 
If one understands the monitoring and controlling process within a project mainly as the 
comparison between the nominal/target/planned values and the actual/performance values – as it 
is often seen – this leads to a totally wrong approach as soon as uncertainties are assumed: 
There are no fixed target values. Introducing uncertainties, probabilities, distributions etc. 
means a change of paradigm: This cannot be handled by further acting as having mainly a 
deterministic approach and just adding some “risk features”, as it is done for instance in PERT. 
A project is usually characterized by items as “uniqueness” or “complexity” and hence you have 
to accept uncertainties in your project parameters. But this leads necessarily to totally different 
techniques to apply. Let us just mention here project management in a specific application like 
software engineering (cf. [11]) or R&D (cf. [12], [13]), where the use of uncertainties is 
inevitable.  
If you accept uncertainties in your project this has in most cases consequences for the whole 
monitoring and controlling process. This is quite obvious because planning and controlling are 
always very strongly connected. The main problem is that you cannot have planned values that 
have to be controlled; moreover you have to check the sequels of the actual values permanently. 
This task therefore should be supported by a model (e.g. Monte Carlo simulation model) that 
could easily show the influences of the actual data and offers deeper insights into the dynamics 
within a project plan.      
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Abstract 

The goal of this paper is to develop an Integral Model for Project Management. To achieve this goal, existing 

integral models, approaches and tools for project management are introduced. By combining and adapting different 

models and perspectives a holistic approach for project management is tailored. It is believed that new Integral 

Model will help project managers to look at a project management from a holistic point-of-view, not losing focus on 

the project goal. This approach should strengthen the relationship between team members, improve work 

environment, increase efficiency and project success rate by helping to prevent or avoid pitfalls. 

1. Introduction 

Projects have already become a critical and integral part of corporate success, yet research reveals the shocking truth 

– most of the projects do not succeed. (PriceWaterhouseCoopers, 2004; The Standish Group, 2013). Organizations 

worldwide have implemented and developed number of rules, tools and methodologies to help deal with this 

problem. (Business Improvement Architects, 2005) However, according to the Standish Group research (2013) still 

without expected results.  

This research proposes that current project methodologies and tools are not enough to achieve project success 

(Levine, 2002), and a broader, balanced and integral approach to project management should be developed. (Munns 

& Bjeirmi, 1996). There is a need for a holistic model that could combine all interconnecting pieces of project 

management and would ensure 360o vision. (Cacioppe & Albrecht, 2000; Wilber, 2006; Edwards, 2004). To be 

really useful, the model has to be practical, effective, easy to use, and it should be integratable with existing 

methodologies, systems and structures. (Esbjörn-Hargens, 2010; Robertson, 2007). 

To fulfill these requirement this research tailors an Integral Model (Crystal Ball) based on Ken Wilber’s Integral 

Theory (2006), Brad McManus’s & Ron Cacioppe’s Integral Approach for Project Management (2011) and Brian J. 

Robertson’s Holacracy practice (2006). In addition, this paper points out benefits, drawbacks and usability of the 

Integral Model. 

2. Integral Theory by Ken Wilber 

In the past, people usually spent their entire life in an enclosed environment: in one culture, often in one country, 

sometimes in one house, where they lived, worked, and died. (Wilber, 2006). Cross-cultural exchange was an 

unheard term until 1930s (Murdock, 1940) and the culture and knowledge was passed only within the family down 
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through generations. Today the view is totally different, people are not only geographically mobile, but they can 

study, and actually most of them have studied, almost every known culture on the planet. As cultures now are 

exposed to each other and knowledge became global, managers have a unique opportunity to tap into collective 

knowledge of human mankind. Study of past major human civilizations open the doors to virtually limitless sources 

of experience, wisdom, reflection and culture (Wilber, 2006). 

Ken Wilber, the father of Integral theory, questioned (2006) what would happen if everything, that all mentioned 

cultures have to tell about human potential, spiritual growth, psychological growth and social growth, would be 

taken and put on one table and then analyzed. In 1998 Wilber founded the Integral Institute, which had a main 

purpose of finding an answer to latter question. By defining the critically essential keys to human growth, 

extensively studying of cross-culture traditions, he created a composite map, a comprehensive map, an all-inclusive 

or, in other words, Integral Model that included the best elements from all of the mentioned cultures. 

Even according to the creator, Ken Wilber, (2006) introduction to Integral Model can at first look complicated, 

complex and daunting. In a sense, it is. However, if looked from other perspective the model is surprisingly simple 

and elegant. Model consists of five simple factors that are the essential elements or keys that help to unlock and 

facilitate human evolution. These five elements are called quadrants, levels, lines, states and types. Often this model 

is abbreviated AQAL, which stands for (All-Quadrants, All Levels), but equally connotes All-Lines, All-States and 

All-Types. Sometimes it is also alternatively called the Integral Operating System (IOS). (Wilber, 2006). 

When talking about Integral Model, often term “holon” is mentioned. This term was “originally coined by Arthur 

Koestler, basing it on the Greek word “holos” for “whole” and the suffix “-on” that denotes “part””. (Michael 

Schillo, 2002, p. 55). Wilber states (1996) that everything in the universe is composed from part-wholes or holons. 

Entities that are a whole, simultaneously are a part of some other whole. An individual is part of a whole team and a 

team is part of a whole organisation and so on. Each of these entities are neither just a whole nor just a part, but a 

whole/part, a “holon''. (Wilber, 1996; Cacioppe & Albrecht, 2000). Taking this into consideration, holon can be seen 

as a recursive entity.  

 

Figure 1 shows a visual representation of AQAL model. Model is divided into four quadrants: “I’, ‘We”, “It’ and 

“Its”. Quadrants depict four perspectives (subjective, intersubjective, objective, and interobjective) which forms a 

lens that helps to understand any issue or aspect of reality. Esbjörn-Hargens, a founding director of Integral 

Research Center, seconds (2010) Wilber proposal that everything can be analyzed from two fundamental point-of-

views: 

1. Inside – Outside perspective 

2. Singular – Plural perspective 
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The four quadrants of AQAL model can be observed as actual aspects of the world that are always present in each 

moment, in other words, a dimensions of reality. According to Wilber (1996), the quadrants should be valid for all 

holons and to collapse them all together or dismiss one of these perspectives is often a serious mistake. 

The perspectives are holistic and cover everything. However, it can be abruptly categorized by effect on people and 

their behavior from respective sociopsychological context: 

• Interior individual accounts (upper-left quadrant) include Freudian psychoanalysis, which interprets 

people's interior experiences and focuses on "I". 

• Interior plural accounts (lower-left) include Gadamer's philosophical hermeneutics which seeks to 

interpret the collective consciousness of a society, or plurality of people and focuses on "We". 

Figure 1. AQAL model developed by Ken Wilber 
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• Exterior individual accounts (upper-right) include B. F. Skinner's behaviorism, which limits itself to the 

observation of the behavior of organisms and treats the internal experience, decision making or volition of 

the subject as a black box, and which with the fourth perspective emphasizes the subject as a specimen to 

examine, or "It". 

• Exterior plural accounts (lower-right) include Marxist economic theory which focuses upon the behavior 

of a society (i.e. a plurality of people) as functional entities seen from “Outside”.  

All four AQAL model accounts pursuit: psychoanalysis, behaviorism, philosophical hermeneutics and Marxism 

offer complementary, rather than contradictory, perspectives. It is possible for all of them to be correct and 

necessary for a complete account of human existence. (Storck, 2012). 

3. Organization-orientated Integral Model 

This paper assumes that project management takes place in an organization that by definition involve more than one 

person. To create whole Integral Model for Project Management, it is important to analyze how Integral Model fits 

into organization and which perspective is used. 

The Integral Model is developed in a way to be applicable to any human area of interest: to ongoing world events, to 

organizational situations, to leadership challenges, or to analysis and development of business environment. 

(Howard, 2005). If a business is not a start-up, it has most likely established an interlocking set of goals, roles, 

processes, values, beliefs, communications practices, attitudes and assumptions. These elements fit together so 

tightly that if even a single element is effected, other will resonate. (Denning, 2011). An Integral perspective allows 

to understand these dynamics of change, relations between different business entities, diagnose complex 

interrelating business situations and develop corporative strategies. It can be used as a tool for business or project 

leaders in developing their systematic, integrative and holistic business approach. Furthermore Integral Model not 

only integrates other approaches, models, tools and techniques but also compliments them, by providing more 

holistic point-of-view to understanding separate pieces and to putting them together. (Howard, 2005).  

AQAL matrix (Figure 1) fits business by being both individual holon, as organisation always exist to fulfil a 

common purpose that is shared by its members, and collective holon, as organization involve more than one person. 

Organizations also are usually categorized into public (external holon) and into private (internal holon). Government 

and publicly owned organisations fall into public category and all the other falls into private category, which can be 

also sub-divided into profit (corporations) and non-profit (NGOs). (Bunzi, 2011). 

A simple example can illustrate how model can be used in an everyday organizational environment: let’s assume 

that the goal is to understand the components of a successful meeting at work. Internal holon of individuals and 

groups would reflect psychological insights and cultural beliefs of the meeting participants, and external holon 

including the same perspectives (individual and collective) would reflect behavioral observations and organizational 

dynamics. This could help fully understand what is worthwhile in a constructive meeting (Esbjörn-Hargens, 2010). 
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4. Holacracy in Project Management 

Integral Theory brings a strong theoretical base to build Integral Model for Project Management, however it lacks 

practical applicability. Therefore, Holacracy is introduced. Robertson describes (2007) it not as a model, idea, or 

theory, but as a straightaway practice. A practice that engages people in, something they do, and something which 

affects them when they do it – like a sport or spiritual activity that has transformative effect. Unlike weightlifting or 

meditation, Holacracy is a practice for organizational entities, not for individual humans or even groups of humans – 

for entities like project management offices or teams. And even though Holacracy does not directly affecting 

personnel, it can bring a substantial practice benefits that are expressed through them. After all personnel is the 

muscles for the organization’s weightlifting. (Robertson, 2007).  

Robertson admitted (2007) that Holacracy as many other practices is difficult to fully understand without actually 

practicing it. Imagine, reading about dieting and actually trying it – it is just not the same. The feeling and 

experiences that are brought on each of these occasions are also different. The same goes for Holacracy. (Robertson, 

2007).  

Holacracy is a very appealing to use for project management as it can align to organizational structure with its more 

organic natural form, replacing artificial hierarchy with a fractal “holarchy” of self-organizing teams (“circles”). 

These mentioned “circles” can easily represent project management teams or sub-teams. Each circle connects to 

each of its sub-circles via double-link, where a member of each circle is appointed to sit on the other, creating a 

bidirectional flow of information and rapid feedback loops. Each circle organizes itself by defining the roles, which 

are needed to reach the aim of the circle, and assigning members to fill them. Figure 2 represents how traditional 

hierarchy can be aligned with the Holarchy (Robertson, 2007). 

 

Figure 2. Circle organisation (From Hierarchy to Holarchy) 
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Holacracy makes organizations more agile by improving the control methods. The focus is on making swift 

decisions with maximal information. This allows quick and continuous adjustment of the project as new information 

emerges. In the occasion when it is not really clear what is expected from a team member, Holacracy methods uses 

empowerment by encouraging individual action using best judgment, accepting responsibility of the consequences 

and helping organization to learn from the experience. This fits to project management very well, as rarely there is a 

project that is fully clear and unchanged from the beginning. In addition empowerment brings more involvement 

from project members and swiftness project execution as there is no need for every small matter to contact project 

manager. The saved time of project manager can indirectly effect quality and customers satisfaction level as project 

manager will have more time to focus on the whole picture and project controlling. (Robertson, 2007) 

This paper supports Robertson’s (2006) view that Holacracy practice would include regular circle meetings. This 

would help to increase awareness of other “circles” activities and progress, also to see if individual decisions align 

with goals and requirements of the project. Brief meetings based on Agile methodology are proposed for this model. 

Agile approach aligns strongly with the Integral Model, as both are orientated to practicality and efficiency. 

5. Development of the Integral Model for Project Management 

According to the findings of International Centre for Complex Project management (ICCPM) in 2013, traditional 

project management has started struggling in the face of increasing complexity of projects in today’s interconnected 

world. ICCPM has identified human factor such as social complexity due to political and cultural dynamics as the 

main barrier to project success. Different governments and corporations form all around the world have started to 

invest significant resources into understanding causes of the failure and key elements to project success. This 

research led to an increasing need for new tools and approaches to deal with ever more complex project 

management (ICCPM, 2013). 

To develop a new suitable approach to analyze relevant aspects of project management and increase rate of 

successful projects, this paper introduces an Integral Model based on Integral Theory and Holacracy. It is believed 

that holonistic (same entity is composed of parts, is a whole and is a part of larger wholes) and holistic (everything 

encapsulating) nature can be easily adapted to project management. 

In order to be useful, the Internal Model has to be effective, holistic, easy applicable and practical to use in a project 

management. It has to interconnect different views related to project: organizational-view, management-view, 

relations-view, individual-view, team-view, stakeholders-view, goal orientated-view and environmental-view.  

In 2009 McManus together with Cacioppe took Wilber’s Integral Model and adapted it (2011) to suit management 

and leadership needs. Proposed model (McManus & Cacioppe, 2011) provided a practical approach that highlights 

the need to think, decide and act with broad perspective, on top it focused on the specific tasks. The model implied 

that a project manager must tend to both relational (leadership) and task (management) related activities to improve 

the chances of project success. The model works on both individual (e.g. team member, stakeholder) and collective 

(e.g. team, organization) levels. This allows to align project manager actions with the culture, vision and strategy of 

the organisation. It is very important that the model would also have focus on the project goal. After all, the purpose 
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of a project is the end result. Figure 3 visually depicts McManus and Cacioppe’s Integral Model that was build 

according to the needs of management and leadership in organizations. 

This model is used as the base for the new Integral Model 

in this paper. A newly tailored model, differently from 

Cacioppe’s and Wilber’s model, is 3-dimensional sphere. 

Additional bi-directional axis is added to provide project 

with perspectives of improvement and management. 

Feedback view can be seen as a response or a callback 

plane (for past, present and future actions), through which 

system can be tested and evaluated by itself. Feedback 

Guidance View should be considered as opposing 

perspective to the Feedback view. It shows the focus on 

actions, methods and tools to achieve something – may it be 

project goal, organizational vision, team strength or 

individual needs. This added axis allows strengthening the 

project entities uniformly and fills the gap to utilize the 

knowledge generated from previous projects or project phases as well as keep mind on the potential improvements 

that could have long-lasting effect, and help in the future projects. 

 

Figure 4. Integral Model "Crystal Ball" 

The model can be seen as a “Crystal Ball” (Figure 4) which provides measures to look into the project and analyze it 

through different lenses (8 quadrants/facets) and different perspectives (6 hemispheres/views).

Figure 3. Integral four quadrants of change
(McManus & Cacioppe, 2011) 
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6. Views of the Crystal Ball 

Crystal Ball allows looking at project from all perspectives and includes all bases through the lens of 6 views: 

1. Individual view integrates single entities that are connected to the project, may it be project manager, team 

member, team leader, sponsor, owner or customer. It includes both decision maker and decision takers. 

Individual perspective carries holonistic notion, as entities can be made from parts (e. g. skills, knowledge), 

be a whole (e. g. person, employee) and be parts of whole (e. g teams, project, enterprise). This view 

encapsulates values, behaviors, thinking and culture of the individuals. 

2. Collective view allows aligning project with corporative, collective and organizational model and matching 

the project with collective vision, culture, structure and environment. Collective view can be seen as a 

higher (or even encapsulating) holon in Holarchy structure if looked through the lens of individual view 

(and in fact it is). However, it is important to note that while Holons of different level are rarely put 

alongside for reflection or comparison (e. g. weight of an atom versus weight of a house) they have direct 

bidirectional effects on each other (e. g. a weight increase of an atom will directly increase weight of the 

house). To better understand how this applies to the project, it is important not to forget that, when looked 

through the Crystal Ball, project is seen also as a holon that is made from parts, is a whole, and is a part of 

other wholes. 

3. Relationships view focuses on developing, improving and sustaining relationship between individuals. 

Pleasant and efficient working environment can be achieved by taking care of relationships on both 

individual and collective levels. Relationships view also allows to identify, create and sustain collective 

culture, ethics norms, communication channels and smooth flow of information. Strong relationships 

between project team participants can strengthen the team and directly improve personnel morale, 

cooperation, coordination, involvement, integrity, likeliness of project success and image of the company. 

More solid and transparent relationships will allow individuals to trust more in their peers and in the 

company, thus resulting in a more relaxed, efficient working environment and faster execution of projects. 

4. Results view is a very important part of an Integral Model for project management. It allows not to lose 

focus on the goals. May it be goals of the project, corporate strategy, or individual employees. This is a 

perfect approach to align project with the strategy of the company. Moreover concentration on the outcome 

propels development of processes, methods and tools that usually results in an increased productivity, 

efficiency and profit. Project manager may uses this view to detect project risks and issues at various stages 

of the project lifecycle, and make preventive actions. 

5. Guidance view ensures that good management and leadership approaches are not neglected. This view 

compliments and fits very well together with Feedback view as harmonization and balance between both of 

them allow not only to identify problems, risk and opportunities, but also develop suitable and reciprocal 

(Guidance – Feedback) management methods and approaches. Guidance view on a collective level ensures 

that vision, understanding and directions would match. On an individual level Guidance view becomes 

significant measurement tool for leadership and management effectiveness. Benefits of this view results in 
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a more efficient and facile work environment, motivated individuals, effective communication, clearly goal 

and expectations. 

6. Feedback view is a hemisphere of an improvement and synergy. This view encompasses approaches, 

techniques and tools to detect and identify ways to bring evolution on both individual and collective levels. 

Feedback on a collective level can result in a cultural, system, process and management changes. Feedback 

promotes knowledge sharing, using previous experiences and building lessons learned databases that can be 

used in the upcoming projects. It can be used to involve, challenge and reward individual level entities. 

Feedback should be continuous and bidirectional (management � personnel) process through all of the 

project life cycle. Project manager and sponsor can use this view to increase their awareness of present and 

future problems, risks and opportunities, and react on them by providing guidance. Presence of feedback 

can benefit not only receiver but also the giver by bringing him sense of involvement and satisfaction. 

All of the views hold the same importance and should be used uniformly and regularly to achieve maximal effects. 

7. Facets of the Crystal Ball 

To depict Crystal Ball facets in an understandable way, it is divided into two hemispheres (Figure 5), one from 

Relationships view, and other from Results view. Each hemisphere has 4 quadrants (facets) where each of them 

represents an orientation - a sum of 3-views. Facets can be used to identify, detect or recognize areas that have effect 

on particular orientation or are affected by it. 

Descriptions below are intended to provide an explication in relation to project management of areas that can be 

covered by each of the 8 orientations: 

1. Management facet allows analyzing leadership approaches and checking, if indeed all the methods 

increase efficiency on individual level. And while there are arguments if project manager should be visible 

or not. (Kerzner, 2010; Michalopoulos, 2013). This Integral Model encourages to let each individual feel 

the presence of manager. This can be done through decision making, leading by example or solving 

Figure 5. Two hemispheres of “Crystal Ball” 
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problems. It is very important to lead team members in a way that they would always know what is 

expected from them and what the goal of the project is. 

2. Vision facet ensures that project results align with higher organizational structure and structural goals. This 

higher organization can be corporation, department, super-team (if point of view is from a sub-team) and 

etc. It also reminds that management should align with organizational policies and rules. Project manager 

should continuously check if project results will align with the collective vision and expectations. 

3. Collaboration facet focuses on collaboration between individuals that share a single goal. Project manager 

should check if there is enough individual empowerment given that would result in feedback. Individual 

feedback that is oriented to Results view is very important as it is one of the ways to increase project 

quality, work quality, reward or show appreciation to employees and challenge employees to put effort. As 

collaboration oriented feedback can be bidirectional (e. g Project manager � Team member) it supports 

changes and evolution for whole project system. To make it easier to understand, in example, if one of team 

members will give feedback for project manager on his hard to understand meetings/presentations and 

project manager makes changes not only the feedback giver will benefit, but also project manager, other 

team members and indirectly project itself. 

4. System facet like Collaboration oriented facet focuses on feedback and results, just on collective level. 

This orientation reflects changes and improvements on a grander scale and not only of present projects but 

also of past and future projects. Actions done through this facet lead to system development and process 

changes that focus on growth as a collective: organization, business, team or etc. System orientation 

promotes improvement, knowledge sharing and changes. For example lessons learned from previous 

projects can directly affect next ones. 

5. Synergy facet is orientated in building and maintaining relationships between individuals. Project manager 

can use this facet to spot tension between team members and take preventive or corrective actions (e.g. 

team-building, leisure events, changing team-member). It can also be used to identify weak-spots of the 

team, behavior patterns, or factors that helps team to work. This can be useful for developing teams for the 

next projects. Stronger synergy between individuals not only makes management easier but also increases 

competitive advantage and creativity. Synergy benefits derives from combining individuals so that the 

performance of the combination is higher than that of the sum of the individual elements (e.g. 1+1 more 

than 2). 

6. Environment facet allows analyzing and building work environment by combining Guidance and 

Relationship views on Collective level. This facet puts under magnifying glass areas such as collective 

morale, norms, ethics, values and etc. These areas can shape relationships and management and be shaped 

by them. Without numerous benefits of better working environment, it can also result in increased 

likeliness of project success. 

7. Cooperation facet, differently from Collaboration facet, focuses on common goals of individuals and not 

on a single goal. In other words, by focusing on each member’s individual needs, project success can be 

indirectly effected. Feedback perspective allows individuals be involved, increase their satisfaction, and 
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improve relationships between team members. By working on these three levels, which Cooperation facet 

covers, communication channels can be maintained. 

8. Culture facet reflects the trust and image of a collective or a company. Trust and image as all the other 

areas can be bidirectional – meaning that project team can trust and be trusted by other colleagues. Image is 

an area that should be taken seriously, as it is very hard to build and very easy to destroy. For a project 

team that would mean lack of support, worse projects or even unemployment. Project manager can use this 

facet to identify relationships which are supporting the project and which are not, and as past projects show 

- support is crucial to project success. (Sutterfield, et al., 2006). 

Integral approach suggests that eight facets or orientations have significant importance in a project and must be 

successfully managed. No facet is more or less important than another. 

8. Benefits of the Integral Model 

Whether the user of this model does the project in a R&D, medicine, IT, constructions or in everyday life, the 

Integral Model “Crystal Ball” can increase success of the project by helping to make sure that all bases are touched. 

The Integral Model provides universal framework which, depending on the situation, brings different benefits. It 

acts as a Crystal Ball and it is perfectly normal that different project managers in a different situations will observe 

and act on different things, while looking through it. An Integral approach ensures that user is utilizing the full range 

of resources for any situation, with the greater likelihood of success (Wilber, 2006). If the user learns how to spot 

Crystal Ball views, facets and areas in his own awareness, then he can much easier appreciate them, exercise them, 

use them and thereby greatly accelerate his own growth and development to higher, wider, deeper ways of being. 

Even though this model is created to be applied to project management, because of its holonistic concept (all views 

are composed of parts, are a whole and are parts of larger wholes) its application can go beyond the project borders, 

for instance, program management, portfolio management, functional task management. In short, the Integral Model 

helps user to see both himself and the world around him in a more comprehensive and effective way. It allows 

keeping focus on multiple areas that directly lead to project success.  

Even people that are not using Integral Model, but are in the model’s “impact” area can benefit from the effects of 

this model. For example, if project manager creates pleasant and barrier-free working environment, other members 

of this environment will benefit at least in terms of easier accessible information.  

Crystal Ball is in a way a unique tool compared to other project management tools, because when it is used – it 

affects not only present projects, but past and the future. Past projects can be investigated through a new eyes, which 

could reveal previously existent (or still present) flaws in project or project management processes. And future 

project can benefit from improvements and changes on all the levels (6 Views of Crystal Ball) that occurred during 

present project. This can be presented as long-lasting effect or evolutional process. Past, present and future projects 

can also be looked in a holonistic way, and in addition to project, be project phases, project management phases or 

even programs. 
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Model works very well together with Holacracy approach and can be easily aligned with lean project management 

methodologies like Agile. By using Agile alongside, Crystal Ball model has increased ability to harness feedback, 

adapt rapidly to changing realities, and navigate successfully amidst greater complexity and uncertainty. Integral 

Model integrates seamlessly with agile methodologies and fills in the gaps in process control, feedback and 

decision-making systems that are directly not addressed by the most agile methodologies (Robertson, 2006). 

Crystal ball model shines when used in self-organizing teams, where uncertainty and project complexity is high. 

Therefore, the Integral Model is a powerful addition to project management environment, where it can be practically 

used in an effective way. 

9. Challenges of the Integral Model 

The Integral Model is a powerful and universal tool, however all these benefits do not come without drawbacks. 

Self-organizing, high agility and holistic nature are the challenges in itself. Robertson agrees (2006) that self-

organization brings too much autonomy at one level of scale and this destroys the ability to self-organize at a higher 

level of scale. For example, when an agile software team has full autonomy in the name of self-organization, that 

can actually hinder the ability of the broader business-level or department-level holon to self-organize at its level of 

scale — the team is a part of it, and it needs to be able to exert some control on its parts to achieve its own self-

organization. This is often the concern seen around self-organizing teams — upper levels in the organization also 

have needs to control their parts. However, the need for control is only a half of the story. “The benefits of self-

organization are also lost if a higher-level holon dominates its parts and interferes with their own self-organization. 

That effectively destroys the lower-level holon’s wholeness and puts all of its complexity on the higher-level 

holon’s doorstep.” (Robertson, 2006, p. 1). The challenge of whole systems self-organization can be solved by 

double-linkage that is proposed by Robertson (2006) Holocracy theory and is not covered in this paper. 

Also, as the Integral Model is based on Ken Wilber’s Integral Theory and Robertson’s Holacracy, Integral Model 

can inherit their strengths as well as their weaknesses. 

Finally, a drawback can be the complexity and holistic nature of the Integral Model, as it covers everything and on 

many different levels, it is likely that in an inexperienced user hand the model will not be fully utilized, but with 

practice this may be easier to overcome. 

10. Application of the Integral Model 

As mentioned earlier, the Integral Model should be used continuously and in a project environment its use should be 

aligned with project management phases and processes. Model should be a compulsory addition to every meeting as 

this would allow stronger insight in to the project and should make meetings more constructive and beneficial. 

Meetings (circle meetings, scrum meetings) are good environment to use Crystal Ball, as it makes easier to grasp 

Collective view there.  
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The Integral approach suggests that all the facets and view hold the same importance, therefore if project manager is 

encountering any problem (e. g. time delays, cost overruns, safety, mistakes, complaints, etc.) that occurs during a 

project, must apply an adequate quadrant if he is to properly identify, understand and solve that problem. The 

Integral Model also provides a lens through which a project manager may view project risks and problems at various 

stages of the project lifecycle.  

As demonstrated in Figure 6, the level of effort required during the lifecycle varies. The more effort is put in each 

phase, the more Integral Model should be used. This is important because it is not only the level of effort required 

that changes over the lifecycle of project, but also does the number of issues. Therefore, a comprehensive approach 

to project management that works in a holistic will provide a greater degree of success. The integral model has 

broad focus and includes the broader vision, purpose, strategy, culture, leadership and feedback required to deliver 

the project. (McManus & Cacioppe, 2011) 

 

11. Conclusions 

Developed Integral Model is a combination of agile methodology, project oriented Integral Theory and Holacracy, 

where Integral theory encompasses everything and syntheses the best of pre-modern, modern and post-modern 

realities (Esbjörn-Hargens, 2010). In addition, Holacracy brings system elements that distribute authority and 

decision-making to self-organizing and evolving teams (Robertson, 2007).  

This Integral Model provides a tool for project manager to increase projects success rate by revealing projects from 

6 different perspectives. With the help of this Integral Model, a Project Manager can improve project management 

due to greater opportunities to:  
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Figure 6. Project Management Life Cycle (Project Management Institute, 2013) 
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• cover all project bases 

• increase efficiency and quality 

• detect and avoid risks 

• identify, prevent and solve issues 

• grow on a professional (e. g. project manager) 

and personal (e. g. friend) level 

• reduce decision-making time 

• improve working environment 

• raise team members satisfaction 

• develop project team 

• shape organizational and project system 

• relate experience from past, present and 

future projects 

• have a long-lasting affects 

• build positive image  

All quadrants of the Integral Model hold the same importance and must be used uniformly. It is recommended that 

the frequency of use would align with the effort level in different project phases. The Integral Model should be 

considered as a lens or Crystal Ball through which project manager can gain deeper insight in to the project 

management and project environment.  

12. Limitations  

While looking for existing integral models that could be applied to project management, plenty of scientific articles 

were found. On the other hand, it was also noted that research has still not solved current project management 

problems (Standish Group research 2013). With regard to such a huge variety and questionable practical value of 

previous research, there may be a limitation on proper models selection to develop the Integral Model for Project 

Management.  

Also, this Integral Model is based on other models such as Ken Wilber’s Integral Theory (2006), Brad McManus’s 

& Ron Cacioppe’s Integral Approach for Project Management (2011) and Brian J. Robertson’s Holacracy practice 

(2006). Since the reliability of the Integral Model has not been tested yet, it depends on the reliability of these other 

models. According to this, there may be some limitations with regard to the reliability of the entire new Integral 

Model. 

Moreover, this Integral Model does not have any measurement scale that is likely to relate the Integral Model 

application to the rate of project success.   

13. Further Research Questions  

To overcome the limitations of the Integral Model, there are some questions for further research. Firstly, it would be 

useful to find and assess other existing integral models that may be incorporated if further research on the Integral 

Model is done.  

Secondly, to check the integrity and reliability of this Integral Model, further research should be done, while 

feedback from Integral Theory experts and practitioners should be collected. Basically, to increase the credibility of 

this paper, the Integral Model should be tested in practice. The best approach could be to let different project 

managers use the proposed Integral Model in different organizations with different structures and various project 
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sizes, and then do a survey to identify effectiveness, strengths and weaknesses of this model. Survey would help 

bring more scientific and practical value to this research.  

Finally, the Integral Model could possess more reliability if measurement scale was introduced in further research. 

This would evaluate the impact of Integral Model application on the rate of the project success in tangible units, for 

instance, time and costs. 
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Abstract: Communities of practice are different not only for their specific “practices” but also for other 
several aspects like the form they interact, constitution, necessities, and evolution among others. These 
elements actually define the manner groups behave themselves and with others in terms of exchanging 
information, creating knowledge and collaboration. In order to understand the needs of a specific 
community of practice in this sense, it is important to fully seize the background and characteristics that 
more address and identify them. In this way, proper decisions can be made when selecting the tools that 
satisfy those needs. On top, it opens a door to identify the missing points or failures that they might have 
when collaborating, since a full picture is taken to be compared with the goals of a specific community. 
Technology stewardship is a concept proposed by Wenger E., in their book Digital Habitats, of analyzing 
characteristics of communities of practice in terms of knowledge sharing and collaboration which allows 
identifying the collaboration needs and selecting the tools that could fit better the requirements of each 
community of practice. This methodology is being applied in a research project called The Network in 
tyntec in order to identify clear dysfunctions among teams concerned to communication and 
collaboration, so that, future decisions can be taken when selecting the tools and platforms that its teams 
use for their daily work.  

1. Introduction 

Nowadays collaboration is well spread term in companies. It gives the sensation of people working 
together in cooperation. It is also a trendy term generally related with innovation which can bring an 
organization to the next level. Carlos Dominguez in a Cisco blog describes Collaboration as “highly 
diversified teams working together inside and outside a company with the purpose to create value by 
improving innovation, customer relationships and efficiency while leveraging technology for effective 
interactions in the virtual and physical space”. 

Collaboration is in essence a process of creating value, which involves the use of technology and the 
people who utilizes it with this purpose. It also addresses the fact that people do not need to be in the 
same place in order to be collaborative. But how is it handled within the organizations? How do teams 
interact with each other? How could this be improved? What type of “dysfunctions” can be found and 
how can this be measured? Moreover, what type of technology would actually fill the collaboration needs 
for a specific group, team or community?  

tyntec is one of the organizations that is asking these questions. As a company that needs to be highly 
collaborative due to its location in two main distant places (Dortmund and Munich), it is its will to 
comprehend how their teams are working together in cross collaboration, what their needs are currently, 
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what are the gaps between the current state and their needs as they evolve in order to share information 
and create value. Being aware of these aspects assures proper decision taking when selecting new tools or 
platforms or restructuring the processes within the organization.   

To be successful in “effective collaboration” three important aspects should be considered: the culture, 
the adoption of processes and the use of technology. Etienne Wenger and Nancy White, in their book 
“Digital Habitats: stewarding technology for communities”, propose a full methodology which includes 
from identifying characteristics of what they call “communities of practice” in terms of maturity, diversity 
and tolerance to adopt new technology, to the point of choosing the proper tools and platforms that could 
best fit the needs of those communities.  

As they suggest, each community of practice, or in this case, each team in tyntec behaves differently. 
They have different activities, processes, level of maturity, constitution, goals; therefore the way they 
collaborate may vary from one to another. More important, their needs are different. So as to define 
properly what the communities of practice contained in tyntec need, it is relevant to study deeply their 
characteristics before jumping into selecting the tools.  

Since the technology can define how a community of practice develops, selecting it is something to 
consider carefully. This is why it is important first to understand the community, its behavior, 
characteristics, needs and then go to the technology that fits better the condition of it.  

2. The Network project in tyntec 

Currently tyntec is working on project called “The Network” which mayor aim is to draw a map with the 
teams that live inside of the organization and their interconnections as “collaborative links”. It would lead 
to identify the possible missing connections, dysfunctions and main characteristics in information sharing, 
communication and ultimately cross collaboration that are carried within the organization.  

This data is gathered by applying the first part of the methodology proposed by Wegner and White when 
performing “technology stewardship”, which means taking a perspective from the community with the 
purpose of helping, selecting, configuring and using the technologies that best suit its needs.  

The goals of the project are:  

1. Understand the current way teams and cross-teams interact 
2. Identify the collaboration needs of these groups in relation to their profile  
3. Find out the perceptions of groups on improvements in this context 

The idea is to gather enough and useful data to describe the current situation of each team, conceive how, 
why and to whom they are connected to and visualize how they could possibly evolve to a target 
condition. This last “target” part is based on suggestions and considerations of the team members. By 
having two perspectives of the team characteristics, one in the present with the current status and one in 
the future with the target condition where the teams would evolve, it would facilitate the identification of 
gaps and possible needs of the teams. On top of that and after analyzing those collaboration needs, further 
recommendations can be provided to improve their communication channels, implement possible 
“upgrades” to their current processes and hence, ease collaboration. 
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2.1 tyntec team’s characteristics 

The first part of this study is about understanding tyntec team’s characteristics. As Wegner and White 
propose, three important elements can be considered when collecting data: 

x Lifecycle: is about the finding out the maturity of the group, in what phase of constitution as a 
community they are. They could be “Just forming”, so they could just only need a few and basic 
tools to connect as for example E-mails. Or they could be on a “Self-designing” stage, just 
gathering information, which means that they know what they want. Or perhaps they could be 
“Growing and restless”, ready to add a new tool or platform to their configuration. Or finally, 
they could be in a “stable and adapting” period, where just some new tools are needed. By finding 
out how much time they have spent together, could be possible to get how mature the team is 
regarding collaboration.  

x Constitution: this element considers the cultural and logistical diversity of the group, including 
time zones and languages. Also it takes into account the openness of the group to be connected to 
the outside world, as well as how much privacy, security and interaction with other communities 
is needed. In order to narrow the scope of this study, this part would be more focused on the 
variety of roles and locations (remote, home office, in place) where the teams are.  

x Technology aspirations: it is about looking for the tolerance and skills when using new tools or 
platforms. It also considers what constraints they could have when doing their work in terms of 
connection and availability. The idea is to catch that if they are willing to give up with some 
tools, are they also willing to adapt a new one? How hard could that be? Some teams like 
Development could be more tolerant to change to better tools if necessary as they are more in 
contact with technology than others. But it might not be the case for other teams which could be 
probably more blocked when using new technologies.  

2.2 team orientations 
 

An important part of the study is “the team orientations”. This is the probably the most representative and 
valuable information of this research. By pure definition from the book Digital Habitats: stewarding 
technologies for communities, an orientation is “a typical pattern of activities and connections through 
which members experience being a community”. It is a specific characteristic that stands out in the team 
in order to be collaborative. In another words, it is an element that makes the team alive and without it 
could not produce value. The nine orientations suggested by this book are: meetings, projects, content, 
open-ended conversations, relationships, individual participation, community cultivation, access to 
expertise and serving a context.  All these orientations are considered key points where value is generated, 
thus collaboration. Each of them can be performed differently or in more or less level from team to team. 
 
Within the context of this research orientations can be described as following: 
 

1. Meetings: they are a key activity in tyntec. Meetings are really often in all of the teams and could 
be face to face or on line through video conference, synchronous or asynchronous. To what 
extend meetings matter for the teams, what type of information is shared, how they could be 
improved. It could be that the same value can be generated through other channels or, in another 
hand, a recommendation for requesting more videoconference rooms could be made. 
 

2. Projects: besides the projects team, some teams in tyntec are handling their own internal projects. 
An analysis in this orientation is made in order to capture its level of importance for each team 
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and how well prepared they are to do so in terms of planning, coordination, scheduling and 
identify some possible points of improvement. 

 
3. Content: how the content is created, shared and store is something also to be analyzed. All teams 

generate different type of content as they are different practitioners, but the aim is to take in how 
much it matters to them and describe how they do it. Also it is interesting to consider privacy or 
security settings that the teams are handling within this orientation.  

 
4. Open-ended conversations: value could be generated in either one or multiple topic 

conversations, either by a simple chat talk in the kitchen drinking coffee or within a chat room. 
How much value is created in the teams in this sense? Are these conversations store afterall? Is it 
something important for tyntec’s communities?  

 
5. Relationships: value is also generated through informal relationships, for some teams this aspect 

could be more developed than in others and encouraging this orientation could end in effective 
collaboration when having the right tools. How much it matters for the teams and how spread is 
this orientation? 

 
6. Individual participation: it is about how each member put their part, individual contribution. It 

reveals the importance of each member’s autonomy and independence to deliver value. Besides, 
it describes the way they do it, do they add their own personal style to their work? 

 
7. Community cultivation: do the teams have their own identity or personality? Do they care about 

implementing their own policies to preserve this identity? What type of steps they consider in 
order to do so? And regarding tyntec’s identity? To what extend they perform it? Collaboration 
can be improved when teams have their own internal branding, vocabulary and personality.  

 
8. Access to expertise: in order to generate value, teams would need the help to special consultants 

within or outside the organization. The aim is to evaluate how much this is done and through 
which channels, furthermore, how could this be improved as well.  

 
9. Serving a context: within the context of this research, this orientation is called “cross 

collaboration”. It means that value is meant to be shared with other teams; in view of they taking 
it to generate their own value. The aim is to understand to what level. It is the most meaningful 
orientation because it will permit building the network once the connections to other teams are 
identified. Questions like what type of resources are used with this purpose, how important it is 
and how could this be improved, are key in this part as well.  

 
After a deep analysis these orientations are measured in a scale from 1 to 5 in both current and target 
status and then be displayed in spider charts. This is a powerful tool which graphically shows in one place 
to which orientations teams are addressed the most, as well as the gaps towards what is currently in place 
and what they would like to achieve.  

2.3 Technology configuration 

The last piece of the study is to obtain a list of tools that are used of each in order to create a list and 
figure out how they are used, for which intent and their key features. In that way, the “technology 
configuration” of each team can be analyzed as well.  
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All the information is gathered by interviewing and having conversations with members. A deep analysis 
is performed by the project team in charge with the intention of grasping how the teams are doing 
collaboration, address their needs thanks to the identification from the orientations point of view and 
come up with possible recommendations to the management team.  

4. Conclusion 

The results of this study can be used then for future research projects within the company when 
performing the full concept of technology stewardship. Understanding how the communities of practice 
contained in tyntec: teams, departments or focus groups use their technologies, helps to identify issues 
and dysfunctions in the way they communicate and collaborate. Counting with enough information 
enhances the decision-taking process towards the selection of proper tools that fits better the needs of 
tyntec in this sense. Analyzing how these communities interact with each other also allows building a 
network: a map of connections that shows how strong some links are, as well as some dysfunctions. It 
could potentially address the weak points where communication and collaboration can be improved. 
Furthermore, it finally stands for the principal needs of each team, which shows the overall view of 
tyntec’s needs. The challenge is now how to fulfill those needs.  
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PDQDJHPHQW� LV� WR� EH� LQWHJUDWHG� LQ� WKH� RUJDQL]DWLRQV� EXVLQHVV� SURFHVVHV�� LQ� FODXVH� �� WKH�
RUJDQL]DWLRQ� LV� UHTXLUHG� WR� GHWHUPLQH� WKH� ULVNV� ZKLFK� PLJKW� LPSDFW� RQ� LWV� DELOLW\� WR� GHOLYHU�
TXDOLW\� RXWFRPHV�� LQ� FODXVH� �� WRS� PDQDJHPHQW� FRPPLWPHQW� LV� UHTXLUHG� WR� PDNH� VXUH� WKH�
SUHYLRXV� FODXVH� KDV� EHHQ� PHW�� &ODXVH� �� DGGUHVVHV� ULVN� UHODWHG� WR� FRPSDQ\� RSHUDWLRQV� ZKLOH�
FODXVH������DQG����DGGUHVV�WKH�ULVN�PDQDJHPHQW�SURFHVV�FRPSRQHQWV�RI�SODQQLQJ��HYDOXDWLRQ�DQG�
LPSURYHPHQW>��@��7KHUH�DUH�UHTXLUHPHQWV�IRU�LQWHUQDO�DQG�H[WHUQDO�ULVNV�DQG�RSSRUWXQLWLHV�WR�EH�
DGGUHVVHG� LQ� DOO� DUHDV� RI� DQ� RUJDQL]DWLRQ� NHHSLQJ� LQ� PLQG� KRZHYHU� WKDW� WKH� FRVWV� RI� ULVN�
PDQDJHPHQW�QRW�H[FHHG�WKH�SRWHQWLDO�JDLQV���

,QIRUPDWLRQ�DQG�.QRZOHGJH�0DQDJHPHQW��,62������ZLOO�VWURQJO\�HPSKDVL]H�WKH�LPSRUWDQFH�RI�
PDQDJLQJ� LQIRUPDWLRQ�DQG�NQRZOHGJH�SURFHVVHV��7KHUH�ZLOO�EH�UHTXLUHPHQWV�IRU�RUJDQL]DWLRQV�
WR� FRQWLQXDOO\� DVVHVV� WKHLU�NQRZOHGJH�QHHGV� LQ�RUGHU� WR� VXSSRUW�EXVLQHVV�SURFHVVHV� DQG�FRYHU�
HYHQWXDO� NQRZOHGJH� JDSV� IURP� LQWHUQDO� RU� H[WHUQDO� VRXUFHV� DV� GHHPHG� ILW>�@�� 7KH� VWDQGDUG�
DFNQRZOHGJHV� WKDW� RUJDQL]DWLRQV� VKRXOG� KDYH� PHFKDQLVPV� LQ� SODFH� WR� V\VWHPDWLFDOO\� FDSWXUH�
OHVVRQV�OHDUQHG��XQGRFXPHQWHG�NQRZOHGJH�DQG�H[SHULHQFH��3HRSOH�DUH� LGHQWLILHG�DV�WKH�VRXUFH�
RI�FRPSHWHQFH�LQ�WKH�RUJDQL]DWLRQ��WKH�VWDQGDUG�ZLOO�VWDWH�UHTXLUHPHQWV�IRU�LGHQWLI\LQJ�QHFHVVDU\�
FRPSHWHQFHV�LQ�RUGHU�WR�DFKLHYH�TXDOLW\�REMHFWLYHV�DQG�IRU�SURYLGLQJ�WUDLQLQJ�ZKHUH�UHTXLUHG�RU�
DFTXLULQJ�WKH�QHFHVVDU\�FRPSHWHQFH�IURP�RXWVLGH�WKH�RUJDQL]DWLRQ��

7KH�IROORZLQJ�WDEOH�SURYLGHV�D�EULHI�RYHUYLHZ�RI�WKH�H[SHFWHG�FKDSWHU�DQG�FRQWHQW�FKDQJHV��
&K�� ,62����������� &K�� ',6���������� 1HZ�&RQWHQW DQG�6WUXFWXUH

��
4XDOLW\�
PDQDJHPHQW�
V\VWHP�

�� &RQWH[W�RI�WKH�
RUJDQLVDWLRQ�

�� FRQWH[W�
�� LQWHUHVWHG�SDUWLHV�
�� VFRSH�RI�406�
�� TXDOLW\�PDQDJHPHQW�V\VWHP�

�� 0DQDJHPHQW�
UHVSRQVLELOLW\� �� /HDGHUVKLS�

�� PDQDJHPHQW�FRPPLWPHQW�
�� SROLF\�
�� UROHV��UHVSRQVLELOLW\�DQG�DXWKRULW\�

� � �� 3ODQQLQJ�
�� DFWLRQV�WR�DGGUHVV�ULVNV�DQG�RSSRUWXQLWLHV�
�� REMHFWLYHV�DQG�SODQV�WR�DFKLHYH�WKHP��
�� SODQQLQJ�RI�FKDQJHV�

�� 5HVRXUFH�
PDQDJHPHQW� �� 6XSSRUW�

�� UHVRXUFHV�
�� FRPSHWHQFH��DZDUHQHVV�
�� FRPPXQLFDWLRQ�
�� GRFXPHQWHG�LQIRUPDWLRQ�

�� 3URGXFW�UHDOL]DWLRQ� �� 2SHUDWLRQ�

�� RSHUDWLRQDO�SODQQLQJ�DQG�FRQWURO�SURFHVV�
�� GHWHUPLQDWLRQ�RI�PDUNHW�QHHGV�DQG�LQWHUDFWLRQ�ZLWK�

FXVWRPHUV�
�� FRQWURO�RI�H[WHUQDO�SURYLVLRQV�RI�JRRGV�DQG�VHUYLFHV�
�� GHYHORSPHQW�RI�JRRGV�DQG�VHUYLFHV�
�� SURGXFWLRQ�RI�JRRGV�DQG�SURYLVLRQ�RI�VHUYLFHV�
�� UHOHDVH�RI�JRRGV�DQG�VHUYLFHV���QRQ��FRQIRUPLW\�

��
0HDVXUHPHQW��
DQDO\VLV�DQG�
LPSURYHPHQW�

�� 3HUIRUPDQFH�
(YDOXDWLRQ�

�� PRQLWRULQJ��PHDVXUHPHQW��DQDO\VLV�DQG�HYDOXDWLRQ��
�� LQWHUQDO�DXGLW�	�PDQDJHPHQW�UHYLHZ�

� � ��� ,PSURYHPHQW�
�� 1RQ�FRQIRUPLW\�DQG�FRUUHFWLYH�DFWLRQ�
�� LPSURYHPHQW��

6RXUFH��EDVHG�RQ�,62�7&�����6&���:*���12����>�@�
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30,�30%2.���5HYLVLRQ��&KDQJHV�DQG�QHZ�DSSURDFKHV�

30,�KDV�PDGH�VRPH�HIIRUWV�WR�EULQJ�WKH�30%2.�VHULHV�D�VWHS�FORVHU�WR�,62�DQG�DOLJQ�LW�ZLWK�
DQ\�RWKHU�30,�VWDQGDUGV� VXFK�DV� WKRVH� IRU�3RUWIROLR�DQG�3URJUDP�0DQDJHPHQW>�@�� ,W�KDV�DOVR�
EHHQ�DOLJQHG�ZLWK�WKH�QHZ�,62������������³*XLGHOLQH�WR�3URMHFW�0DQDJHPHQW´�DQG�WKH�³30,�
/H[LFRQ�RI�3URMHFW�0DQDJHPHQW�7HUPV´��$GGLWLRQDOO\��ROG�&KDSWHU����³7KH�VWDQGDUG�IRU�SURMHFW�
PDQDJHPHQW´�KDV�EHHQ�PRYHG�LQWR�$QQH[�$��DV�D�VWDQGDORQH�GRFXPHQW�LQ�RUGHU�WR�SUHSDUH�WKH�
UHOHDVH�RI�WKH�$16,�30,�������������VWDQGDUG>�@��

$IWHU� UHPRYLQJ�FRQWHQW� LQWR�$QQH[�$���&K����KDV�EHHQ�IRFXVHG�RQ� WKH�SURFHVVHV�DQG�SURFHVV�
JURXSV�DQG�VWUHQJWKHQHG�E\�QHZ�EXVLQHVV�UXOHV�WR�HQVXUH�FRQVLVWHQF\�LQ�KDQGOLQJ�LQIRUPDWLRQ�LQ�
WKH�,QSXWV��2XWSXWV��7RROV�DQG�7HFKQLTXHV�DUHDV�RI�HDFK�SURFHVV�ZKLFK�DOVR�LQFOXGH�QHZ�UXOHV�
IRU� SURMHFW� GRFXPHQWV� DQG� SURMHFW� PDQDJHPHQW� SODQ� �303�>�@�� 7KH� 303�ZLOO� LQFOXGH� WKH� ��
WUDGLWLRQDO�GRFXPHQWV��TXDOLW\��+5��FRPPXQLFDWLRQV��ULVN�DQG�SURFXUHPHQW�PDQDJHPHQW�SODQV���
EXW�DOVR�IRU�FRQVLVWHQF\�WLPH��FRVW�DQG�VFRSH�PDQDJHPHQW�SODQV�DQG�DGGLWLRQDOO\�WKH�VWDNHKROGHU�
PDQDJHPHQW�SODQ>�@��DV�VKRZQ�LQ�WKH�ILJXUH�EHORZ��

�

&RPPXQLFDWLRQV� 0DQDJHPHQW� KDV� EHHQ� VSOLW� DQG� IRFXVHG� RQ� FROOHFWLQJ�� VWRULQJ� DQG�
GLVVHPLQDWLQJ� SURMHFW� LQIRUPDWLRQ� DV�ZHOO� DV�PRQLWRULQJ� SURMHFW� FRPPXQLFDWLRQ� DFWLYLWLHV�� ,Q�
RUGHU� WR� DGG� FODULW\� UHJDUGLQJ� SURMHFW� GDWD� DQG� LQIRUPDWLRQ� IORZV�� WKH� WHUPV� RI� ZRUN�
SHUIRUPDQFH� GDWD�� LQIRUPDWLRQ� DQG� UHSRUWV� KDYH� EHHQ� UHGHILQHG>�@�� 30,� KDV� DOVR� DGRSWHG� WKH�
'DWD�,QIRUPDWLRQ�.QRZOHGJH�:LVGRP�NQRZOHGJH�PDQDJHPHQW�PRGHO�WR�EHWWHU�GLVWLQJXLVK�WKH�
GLIIHUHQW�JUDGHV�RI�FRPSOH[LW\�RI�GLIIHUHQW�NQRZOHGJH�DUWLIDFWV�ZLWKLQ�D�SURMHFW��

7KHUH� LV� RQH� DGGLWLRQDO� NQRZOHGJH� DUHD� UHVXOWLQJ� IURP� WKH� VSOLW� RI� WKH� VHFWLRQ� RQ� ³3URMHFW�
&RPPXQLFDWLRQV� 0DQDJHPHQW´�� 7KLV� LV� GXH� WR� WKH� DFNQRZOHGJHPHQW� RI� WKH� LPSRUWDQFH� RI�
VWDNHKROGHU�PDQDJHPHQW�IRU�WKH�VXFFHVV�RI�SURMHFWV��7KH�QHZ�NQRZOHGJH�DUHD�HPSKDVL]HV�WKDW�
SURMHFW�PDQDJHUV�VKRXOG�QRW�RQO\�DQDO\]H�VWDNHKROGHU�LQWHUHVWV�DQG�UHDFW�RQ�WKHLU�EHKDYLRU�EXW�WR�
DFWLYHO\�DQG�FRQWLQXRXVO\�HQJDJH�WKHP�RYHU�WKH�FRXUVH�RI�WKH�SURMHFW�DQG�JDLQ�WKHLU�VXSSRUW>�@��
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&K����FRQWDLQV�D�QHZ�VHFWLRQ�RQ�WKH�UROH�RI�SURMHFW�PDQDJHU�DV�ZHOO�DV�WKH�LQWHUSHUVRQDO�VNLOOV�
QHHGHG�LQ�WKLV�SURIHVVLRQ�DQG�LV�FRQQHFWHG�WR�$SSHQGL[�;��ZKLFK�GHVFULEHV�VRPH�RI�WKHVH�VNLOOV�
LQ�IXUWKHU�GHWDLO��/HDGHUVKLS��WHDP�EXLOGLQJ��VRFLDO�DQG�SROLWLFDO�DZDUHQHVV�DUH�MXVW�D�IHZ�RI�WKH�
IHDWXUHV�WR�EH�EDODQFHG�IRU�WKH�HIIHFWLYH�UXQQLQJ�RI�SURMHFWV���
�
,PSDFW�RI�FKDQJHV�RQ�IXWXUH�VWDQGDUGV�GHYHORSPHQW�

9HU\�PXFK� OLNH� ,62��30,� UHFRJQL]HV� WKH� LPSRUWDQFH�HQJDJHPHQW� IURP� WKH�XSSHU�HFKHORQV�RI�
PDQDJHPHQW�KDV� WRZDUGV� VHFXULQJ� VXVWDLQDEOH� DQG� ODVWLQJ�EXVLQHVV� VXFFHVV�� DQG� LV�PRYLQJ� WR�
DOLJQ�30%2.�ZLWK� ,62�FRQWHQWV��7KLV�PLJKW�PHDQ� IRU�IXWXUH�GHYHORSPHQWV�RI� ,62�DQG�30,�
VWDQGDUGV� WKDW� WKHUH� EH� LQFUHDVHG� UHTXLUHPHQWV� WR� GHPRQVWUDWH� DELOLW\� WR� FRQVLVWHQWO\� DOLJQ�
RUJDQL]DWLRQDO� VWUDWHJ\� �LQFOXGLQJ� SRUWIROLR�� SURJUDP� DQG� SURMHFW� PDQDJHPHQW��� TXDOLW\�
REMHFWLYHV�DQG�SURFHVVHV�DQG�WR�EH�DEOH�WR�PDNH�WKHVH�FRQQHFWLRQV�YLVLEOH�LQVLGH�DQG�RXWVLGH�WKH�
RUJDQL]DWLRQ��

7KHUH� KDYH� EHHQ� VRPH� WLPLG� VWHSV� VR� IDU� WRZDUGV� FUHDWLQJ� PRUH� HIIHFWLYH� FRPPXQLFDWLRQV��
LQIRUPDWLRQ� KDQGOLQJ� DQG� DFNQRZOHGJLQJ� SHRSOH� DV� D� FROOHFWLYH� VRXUFH� RI� NQRZOHGJH� WKH�
RUJDQL]DWLRQ�FDQ�GUDZ�XSRQ��KRZHYHU�� WKHUH�KDYH�EHHQ�IHZ�FRQVLGHUDWLRQV�VR�IDU�DV�WR�KRZ�WR�
SURYLGH�DQ�DGHTXDWH�VRFLDO�DQG�WHFKQLFDO�LQIUDVWUXFWXUH�WKDW�IRVWHUV�NQRZOHGJH�WUDQVIHUV�ZLWKLQ�
WKH�RUJDQL]DWLRQV��3HUKDSV�WKH�IXWXUH�,62�������VKRXOG�DGGUHVV�WKHVH�LVVXHV�E\�SURYLGLQJ�VRPH�
JXLGHOLQHV� RQ� KRZ� WR� FUHDWH� D� FXOWXUH� WKDW� HQDEOHV� FKDQJH� DQG� IDFLOLWDWHV� NQRZOHGJH� VKDULQJ��
SROLFLHV�IRU�RSHQ�DQG�KRQHVW�FRPPXQLFDWLRQV��HWF�����

,W�ZRXOG�VHHP�WKH�LGHD�WKDW�GLIIHUHQW�LQWHUHVWV�QHHG�WR�EH�DFNQRZOHGJHG�DQG�DFWLYHO\�PDQDJHG�LQ�
RUGHU� WR� HQVXUH� WKH� VXFFHVV� RI� D� EXVLQHVV� LV� ILQDOO\�� JUDGXDOO\� WDNLQJ� KROG� DJDLQ�� 6KDUHKROGHU�
YDOXH�XVHG�WR�EH�WKH�SUHIHUUHG�DSSURDFK�RI�WKH���¶V�DQG���¶V��EXW�ZLWK�ULVLQJ�LQWHUQDWLRQDO�WUDGH�
DQG� HPHUJHQFH� RI� VRFLDO� PHGLD�� RUJDQL]DWLRQV� ILQG� WKHPVHOYHV� XQGHU� LQFUHDVLQJ� FRPSHWLWLYH�
SUHVVXUHV�DV�WKH\�RIWHQ�KDYH�WR�IDFH�SXEOLF�VFUXWLQ\�DQG�VRPHWLPHV�FULWLFLVP��7KLV�LV�GHILQLWHO\�
RQH�RI�WKH�NH\�DUHDV�RI�IRFXV�LQ�WKH�,62������WKDW�QHHGHG�VRPH�UHYLVLRQ�DIWHU�VXFK�D�ORQJ�WLPH��
2UJDQL]DWLRQV� ZRUOGZLGH� VKRXOG� EH� SUHSDUHG� WR� JLYH� DFFRXQW� DERXW� VXVWDLQDELOLW\� DQG� SXEOLF�
VXSSRUW� RI� WKHLU� RSHUDWLRQV�� DV� JHQHUDWLQJ� FRQVHQVXV� E\� HQJDJLQJ� DQG� LQYROYLQJ� VWDNHKROGHUV�
LQVLGH�RU�RXWVLGH�WKH�RUJDQL]DWLRQ�PLJKW�EH�RQH�RI�WKH�NH\V�WR�IXWXUH�EXVLQHVV�VXFFHVV��

5LVN�EDVHG�WKLQNLQJ�LV�D�FHQWUDO�WKHPH�RI�WKH�UHYLVHG�HGLWLRQ�DV�FRQVLGHUDWLRQV�RQ�KDQGOLQJ�ULVNV�
DQG�RSSRUWXQLWLHV�KDYH�EHHQ�HPEHGGHG�LQ�HYHU\�VWHS�FKDSWHU�RI�WKLV�VWDQGDUG��+RZHYHU��GXH�WR�
WKH�ODFN�RI�UHTXLUHPHQWV�WR�GRFXPHQW�ULVNV�DQG�DOVR�YDJXH�SKUDVLQJ�UHODWHG�WR�WKH�PHDVXUHV�WR�EH�
WDNHQ�ZH�IHHO�WKLV�EDVLF�DSSURDFK�WR�EH�ODFNLQJ�LQ�VWUHQJWK��0DQDJHUV�ZLOO�KDYH�WR�UHO\�RQ�WKHLU�
RZQ� MXGJPHQW� DQG� H[SHULHQFH� LQ� FKRRVLQJ� KRZ� IRUPDO� DQG� H[SOLFLW� WKHLU� RUJDQL]DWLRQV¶� ULVN�
PDQDJHPHQW�SODQ�VKRXOG�EH��

2YHUDOO� ZH� FDQ� REVHUYH� WKDW� VR�FDOOHG� ´VRIW� IDFWRUV´� DUH� FXUUHQWO\� GRPLQDWLQJ� WKH� DJHQGD� RI�
VWDQGDUGV� UHYLVLRQ�� VWDNHKROGHU� HQJDJHPHQW�� GHPRQVWUDWLQJ� OHDGHUVKLS�� HIIHFWLYH�
FRPPXQLFDWLRQV�DQG� LQIRUPDWLRQ�PDQDJHPHQW��+RZHYHU��ZH�FDQ�DOVR�DFNQRZOHGJH� WKDW� VWHSV�
WDNHQ�LQ�WKHVH�DUHDV�DUH�VWLOO�VPDOO�DQG�WKDW�WKHUH�SUREDEO\�VKRXOG�EH�IXUWKHU�FRQVLGHUDWLRQV�RQ�
WKHVH� WRSLFV� LQ� IXWXUH� VWDQGDUGV��$V� IDU� DV� ,62������� LV� FRQFHUQHG�� DQ� LQWHJUDWLQJ� VHFWLRQ� RQ�
RUJDQL]DWLRQDO�SURMHFW�FXOWXUH�DQG�KRZ�WR�SURPRWH�ULVN�DZDUHQHVV��NQRZOHGJH�VKDULQJ��HIIHFWLYH�
FRPPXQLFDWLRQV�DQG�SURFHVV�EDVHG�WKLQNLQJ�ZRXOG�SUREDEO\�FRQVWLWXWH�D�ZHOFRPH�DGGLWLRQ��
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1) Introduction  

  

Economical science is divided into two main parts. Political Economics tries to understand and 

influence the general framework of economy in a country like customs, governmental influence, 

national income, welfare, inflation etc.. The Business Administration is an “egoistic” Science for 

companies: how to be better than the competitors, how to gain profits, how to grow and sell more 

goods etc.. Political Economics tries to reach prosperity, welfare and high employment via a suitable 

surrounding for companies and individuals to gain taxes, employ people and supply markets.  

 

But how the one (Political Economies) influences the other (Business Administration) in reality to 

reach their targets? What happens if the tax rate will be reduced in order to achieve political targets 

like growth? What happens if the national interest rate is reduced by the national bank to achieve a 

higher rate of investments and more employment? 

 

The answer must be found in the new, additional, expansionary business. New investments lead to 

prosperity and employment. To move the economy in the country to the mentioned goals needs 

sustainable changes and business development in the companies and this is based on new projects 

because if nothing new will happen any ambitious target will be achieved. If this project 

implementation happens not only in one company but in hundreds it is possible to achieve the needed 

effect in the economy of the country. And we have to understand that companies cannot be forced to 

perform investments and projects – they make their own decisions namely in projects. So we have to 

understand the decision making process in Project Management. And this means we have to look to 

the tools of Project Management if we want to see explicitly, where the lever of Political Economics 

has to be applied. 

 

The article will start with an overview and a limited collection of tools in the field of Political 

Economics. Than the main tool of decision making in Project Management – Net-Present-Value 

(NPV) -Method - will be introduced shortly in general and in one example to show how decisions 

happen in practical life. The next chapter will show the function of the NPV-Method as a gear box 

between the incentives coming from the Political Economics and decisions in the companies - all this 
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to achieve finally the political targets in the country. It will be shown that the awareness of project 

management is crucial for the success of Political Economies in a country. 

 

 

2)  The toolbox of Political Authorities 

 

The toolbox of political authorities to influence the economy in a positive way can be various. At first 

the general frame of economy has to be defined – does the country relay on market power or better on 

bureaucracy or state-directed economy [2, preface; 21, p. 158]?  Most of the countries decided to use 

the power of free markets. But exactly this than reduces the direct impact of political power because 

the companies than will act independently. The next step in political economy is to create “a reliable 

surrounding of business” like a functioning and quick court system, fighting against bribe, allowing 

and supporting internet based business, giving a modern and simple legal framework for contracts and 

patents [15, p. 71] and so on. One next step can be done by the authorities itself: they can invest more 

on their own and try to increase the volume of business by these own activities [3, p. 130]. We know 

that this might lead to conflicts with high level of debts and based on this even might lead to an 

economic and political crisis.  

 

Here we focus on instruments which are related to investors and have the background and target of 

prosperity like growth, high employment rate and price stability. We don’t distinguish between a 

whole frame of political targets based on strategies and long term goals or whether we observe 

punctual “quick and dirty”- actions. The six best known instruments are described in this chapter. 

 

2.1 Grants and Subsidies   

This area is chosen first because it is the best known and easiest way to influence the economy. 

Subsidies are given directly to companies in order to achieve concrete targets which have to be 

fulfilled by the requesting companies (conveying coal, reducing pollution, support of underdeveloped 

or destroyed regions). Subsidies do not include the duty to pay them back. As an example: Germany 

will give subsidies in 2014 in the volume of around 22 billion Euro [21, p. 12]. 

 

2.2 Reduction of Taxes 

Tax reduction has the same target than subsidies – instead of giving money to the companies it will 

“not be taken” from them. [13, p. 60; 3, p. 129 and 133] For example in April 2014 German State 

Secretary Zypries announced in the TV-News, that tax reductions will be given to start-up-companies 

and risk-taking companies in the field of new technologies. 
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2.3 Pledges and Guarantees 

These instruments are often used by the state to guarantee to companies the risk of missing payments 

from customers abroad. In 2012 Germany guaranteed to German firms a level of almost 30 billion 

Euros. Contracts to Russia and China were the biggest part with the amount of almost 5 billion Euros. 

[9, p. preface] 

 

2.4 In Price reduced Loans 

For a wide range of occasions the state offers loans with cheapened interest rates in relation to the 

market rates. If you build new houses, found companies, invest abroad or in education, reduction of 

pollution or saving energy: check at first if you might get a cheap loan from the state or state owned 

organisations! [12, p. 393] 

 

2.5 In Price reduces Labour Costs 
For special branches, groups of employees, regions, groups of unemployed people or overemploying 

employers the state might offer financial benefits to give jobs in a short or long run to people. [22, p. 

194] 

 

2.6 Speeding up of Depreciation 

Depreciation amongst others has the aim to “pump” the investment volume to future profit and loss 

accounts to reduce tax burden. The allowance of faster depreciation [22, p. 198] allows in times of 

constant tax rates profits in the field of interests – there is no real tax reduction. So it is a soft 

instrument to fasten depreciation but has the advantage to be adjustable to certain concrete 

investments. It is applied for example to investments in protecting the environment, hospitals or small 

companies. [5, §, 7 d, f, g] 

 

3) The NPV-Method  

 

The Net-Present-Value method is a “Money”-picture of a project in the time dimension “future”. So 

all impacts and outflows referring to a project are covered by this picture and one can condense this 

picture finally in an essence of one figure – the NPV.  Is the NPV above zero you should execute the 

project – if NPV is below zero you should leave it.  

 

The core of the NPV method is that the cash flows at different times have different values [7, p. 9]. 

Cash flows at different times cannot be compared directly but with the help of the NPV method all 

cash flows of an investment can be converted to a set time “t” and the values can then be compared or 

even added. Normally, this specific time is "The Today" with t = 0 in order to provide the decision-
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makers an indicator for the decision as simple, current and realistic as possible. The formula for 

calculating the net present value (NPV) is generally as follows [7, p. 13]:  

 

  

  

  

  

 

  

To add the world of taxes to the system – to be more realistic - we add a line of negative Cash-values 

“taxes” on the one hand. On the other hand we adjust “r” to the level of “r minus taxes” to take into 

consideration the tax burden on alternatives as well. 

 

The NPV can be interpreted as an additional value contribution for the company by the new project 

(added value). If your company has the opportunity to perform a project with a positive NPV you 

should add this project to your company/portfolio, because by implementing it, the value of the 

company will grow. [For further details read 23, p. 1 et seqq.). 

 

Chapter 4 will show the impact of political decisions to company’s decision. To make this possible we 

create one model case of a NPV calculation and then show the impact of political decisions in the six 

areas shown in chapter 2. The author dealt in his business career as head of controlling and CFO with 

hundreds of NPV calculations – most of the cases can be described as follows: 

 

• The cash stream starts with an investment - so a negative cash out - in the beginning (power 

station, implementation of software, marketing campaign…)  

• Additional costs are caused year by year by the investment like labour costs, insurance, 

material, energy 

• Revenues of this investment are gained in future like from selling new products, getting 

savings or additional sales volume 

• The discounting rate is a weighted average of own and credit capital costs 

• The project has a start and an end – covered by the considered time line 

• Taxes have an impact on the volume of the cash (tax payment) and the discounting rate (taxes 

as well on alternative investments) 

• Risks are covered in various ways (price for a hedge, to include probabilities, insurance, 

calculation of alternatives…)  

 

�
= +

=
N

t
t

t

r
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All these points are covered in the following model case of an investment with a NPV in this example 

of around 1 Mio. The details of this model case are just devised as examples and can be seen in the 

next table – a currency is not needed to be defined.  
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Table 1: Model case: NPV-calculation within the decision-making-process of a company (example) 

 

4) NPV as the gear box between political decisions and business actions 

 

At first we have to assume that business decisions are based on structured analysis and 

finance/marked/value oriented. We know that in smaller companies and private households decisions 

based on NPV happen rarely. Even we heard about decision making support by analysing the position 

of the stars. These effects we have to exclude and we concentrate on companies with well-defined 

project management manuals and investment guidelines. All of them have in common the usage of 

NPV as the most important tool in the evaluation of new projects.  
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Economical movement in a country can only happen if a lot of companies react on political decisions. 

We can assume that the companies feel free to follow or not to follow friendly requests to take the 

governments wishes to heart. Even companies with leaders from the same party than chancellor or 

prime minister will not “just do it”. The supervisory board consists on owners and employees and they 

need hard facts (so NPV-results) to agree to new investments and projects. So NPV is the key. If the 

NPV is higher the probability of making a decision in favour of the project is higher and multiplied 

with hundreds of companies a political effect will be visible.  

 

In the following clauses we analyse ceteris paribus the impact of the six tools listed in chapter 2 on the 

NPV introduced in chapter 3 (and shaped in the model case). Because we use ceteris paribus 

assumption we will not repeat in every table the above mentioned basic information and just show 

where the lever is set and the result of the lever can be observed. 

 

4.1 Grants and Subsidies in NPV model case 

 

The easiest way to support new projects is also the easiest way to show the impact in a business case. 

The team calculating the NPV has just to add an additional positive cash line with the subsidies like 

for example 100000 in t=0 and 100000 in t=1.  
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Table 2: Model case: NPV-calculation with subsidies in two years 

 

The result can be observed immediately: the lever is shown in the table (additional positive cash) and 

the NPV increases as a result (arrow points up) 
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4.2 Reduction of Taxes in NPV model case 

 

The reduction of taxes is more difficult than subsidies because taxes have two effects in a NPV-

calculation with opposing directions. Taxes have to be paid so they have a negative effect on the 

volume of available cash. But on the other hand taxes have also negative effects on alternative 

investments so on the discounting rate “representing” opportunities. The discounting rate is lower and 

the NPV consequently higher. The author observed hundreds of NPV-calculations and never found 

one case, where the negative volume effect had a lower impact than the positive effect on the 

discounting rate. Although in literature there are some constructed cases (high depreciation effect, 

NPV close to “0”, low costs) where a “tax paradox” can be shown [19, p. 21 ff]. This is not realistic 

and we can see also in the model case, that the reduction of taxes for example by 20% (the lever) has 

positive impact on NPV. 
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Table 3: Model case: NPV-calculation with 20% tax reduction 
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4.3 Pledges and Guarantees in NPV model case 
 

The secret of a good business case is to create it in a way that the data are not just figures but they 

become true in the future and the NPV really can be achieved. There are many ways to secure the 

NPV calculation like key-turn-purchase, hedging, connecting salaries of project team with the figures 

etc. (23, p. 6 ff). If the state takes over risks of the project/deal (like the above mentioned Hermes 

Guarantees) these guarantees must not be purchased. So the figures of revenues from Russia or China 

(in case of Hermes) will remain on the same level but the costs on insurance will be reduced 

dramatically. We can again observe the lever in the next model-case-table and consequently the higher 

NPV as well. 
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Table 4: Model case: NPV-calculation with 20% reduction on insurance costs 
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4.4 In Price reduced Loans in NPV model case 

 

The discounting rate can be interpreted in different ways. As mentioned already as the interests on 

opportunities, as the average of capital costs (see model case) or as the hurdle rate for every 

investment/project a company intends to perform. If the state offers loans on a lower level than the 

market rate, the discounting rate as an average with own capital will decrease. This leads for projects 

to a higher NPV as it can be observed in the next adjustment in the model case.  
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Table 5: Model case: NPV-calculation with 20% reduction on costs of credit capital 

 

4.5 In Price reduced Labour Costs in NPV model case 

 

This intervention can be foreseen easily because it directly reduces labour costs and the NPV will 

ceteris paribus be better. The state uses this instrument to fight against unemployment in general and 

to support economically weak regions. Table 6 shows the lever (for example 20 % labour cost 

reduction): 

������� 

������ 

Proceedings of the Dortmund International Research Conference 2014

41



 
������
�
���� �� �� ������
�
���� �� �� ��


��	������
����������������� $�$),� �� ������ �������������� ��
��������� $�'%(� ����	������� $�'� $�%� ��

��	������
���������������� $�$($� 	��
���	������� $�+� $�$(� ��

�� ��
�� ��
������
	�
������ ��

������ $� %� &� '� (� ��

��	������
���	����� %�$$$$� $�-*%+� $�-&(-� $�,,-)� $�,))(� ��
����������� �,$$$$$$� �� �� �� �� ��

������	����� �+&$$$$� �+&$$$$� �+&$$$$� �+&$$$$� �+&$$$$� ��
�����������	�� �,$$$$$� �,$$$$$� �,$$$$$� �,$$$$$� �,$$$$$� ��
�������
�	����� ������������	�!� �&$$$$$� �&$$$$$� �&$$$$$� �&$$$$$� �&$$$$$� ��
��������� ($$$$$$� ($$$$$$� ($$$$$$� ($$$$$$� ($$$$$$� ��

������ �&%'&&(� �&%'&&(� �&%'&&(� �&%'&&(� �&%'&&(� ��
������	���� �)-''&&(� &$**++*� &$**++*� &$**++*� &$**++*� ��

��	�����
�������	���� �)-''&&(� %-,+*(&� %-%%)'+� %,','(+� %+*+-),� ��

�� ��
�� ��
����	�
	�
������ ��

��������������
����	�������� &&,$$$$� &&,$$$$� &&,$$$$� &&,$$$$� &&,$$$$� ��

����	������� �%*$$$$$� �%*$$$$$� �%*$$$$$� �%*$$$$$� �%*$$$$$� ��
�������������
����	�������� *,$$$$� *,$$$$� *,$$$$� *,$$$$� *,$$$$� ��

������ �&%'&&(� �&%'&&(� �&%'&&(� �&%'&&(� �&%'&&(� ��

��
�

��

��������������
��� �� ����� �� �� �� �� ��
 
Table 6: Model case: NPV-calculation with 20% reduction on labour costs 

 

4.6 Speeding up of Depreciation in NPV model case 
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Table 7: Model case: NPV-calculation with 20% accelerated depreciation 
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In case of accelerated depreciation there is no effect of real cash reduction (compare the total amount 

of “total cash” in this case with the basic model case: it is the same with 1.716 Mio.). But the tax 

burden can be reduced in the first years and this safes interest in an amount of around 44000 if the 

depreciation is increased year by year by 20 %. In the last year you observe the amount of depreciation 

of “0” – the tax regulations will not allow to depreciate more than the investment volume.  

 

  

5) Summary  
  

The approach of this article was to show how in reality decisions in companies can be influenced by 

political authorities. All levers are shown in the next graph. 

 
Table 8: Gear Box between Political Economy and Business Administration 

 

 

It was not the target to find en empiric basement for the hypothesis that NPV-calculation at the end is 

the lever and gear box to let companies act accordingly. It was just shown in an example that the gear 

box works and different tools of the political authorities use different starting points for their lever – 

but all outcomes of political tools are covered in the NPV-calculation and should lead (and lead) to the 

same result: a higher NPV and a higher probability that companies decide according to political 

intervention.  
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Abstract:�This paper explores the interplay between innovation, product design and sustainability criteria 
as well as the evolution of these interactions from eco-design concept focused on improving product 
environmental performance into eco-innovation as a systematic approach. Analytical frameworks are 
used to dissect a set of case studies from Basque small and medium enterprises (SME). The findings 
suggest that the implementation of eco-design methodology sprawls not only environmental but also 
technological, organizational and social innovations 
 
1. Introduction 
Ecodesign methodology plays a central role in the value creation cycle not only by releasing the pressures 
to deliver environmentally improved products, services and processes but also the pressures to learn about 
new approaches and knowledge through organizational and social arrangements that boost internal 
capabilities and stakeholders engagement. Tightly wired up to eco-innovation and ultimately to 
innovation, this paper explores the co-evolution of environmentally motivated innovations into technical, 
organizational and social innovations. The cross-sector eco-design experience in small and medium 
Basque enterprises (product and services industries) is examined using two overlapping analytical 
frameworks. First the wider and broad context where innovation, eco-innovation and eco-design activities 
occur and bequeath evidence is set. The following section describes the methodology used to analyze the 
rich and real world data gathered from selected cases compiled by the Basque governmental 
environmental agency. Afterwards, findings are consolidated to construct and ground emerging theories 
summarized in the closing results and conclusion section� 
 
2. Setting the context 
Innovation enfolds a concept with multiple faces and evolutionary perspectives. Thereof, it has been the 
primary focus of extensive research and experimentation in various scientific fields. Furthermore, any 
attempt to lock-in innovation drivers, factors, dynamics and repercussions into a single framework ignites 
a following wave of eager debate claiming to overcome biased approach and methodology dichotomies 
[1] [2] or a new arena of studies [3][4][5][6]. It unfolds two notions: a system of processes and its 
outcomes. Edquist and Hommen (1999) stated that the systems of innovation (SI)“..explicitly recognizes 
the potentially complex interdependencies and possibilities for multiple kinds of interactions between the 
various elements”. Innovation processes and outcomes occur in a wider context whose impacts are co-
produced at the macro and micro-level [8]. At national or even regional level as driver of business success 
and at micro level as a business competitive advantage [9]. Noteboom (2008) stands for “a 
complementary perspective of ‘innovation systems’, that takes into account interactions between a variety 
of agents, various dimensions of innovation, going far beyond science and technology, and a variety of 
economic and institutional conditions”. Innovations outcomes are ideas, practices or objects perceived as 
new by the unit of adoption [10]. Moreover, once developed or adopted may inspire other outcomes 
further on or end up in new uses and users [8]. These spillovers in knowledge offer “a non-linear 
perspective that … accords great importance to the demand side rather than concentrating primarily, if 
not exclusively, on the supply side”, scientific research funding will not automatically trigger 
technological development to fulfill market needs [7]. 
It is not until the industry had become familiar with the concepts of environmental management and 
cleaner processes that looked at the design of the product and eco-design principles to prevent 
environmental problems at source [11]. Considering the estimation that design process itself consumes 
few resources, representing about 15% of manufacturing costs yet it is responsible for the remaining 85%, 
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the industry embraced the eco-efficiency and life cycle thinking approaches and set initial targets: 
minimise the costs and adverse environmental impacts throughout the entire product life stages [12]. In 
2011, The International Organization for Standardization (ISO) released the Environmental management 
systems – Guidelines for incorporating eco-design, ISO 14006 to seize the “weak or completely missing 
linkage between Environmental Management Systems (EMS) and product development” [12]. The 
standard interrelates ISO 9001 (Quality management systems), ISO 14000 standards (EMS), ISO 
Technical Report /TR 14062 and IEC 62430 (IEC-International Electro technical Commission) functional 
knowledge areas. Furthermore, the Spanish eco-design standard UNE 150301 and Spanish public 
institutions and private business eco-design experiences “paved the way” for the approval of the 
international standard [14]. From ISO 14006, eco-design “can be understood as a process integrated 
within the design and development that aims to reduce environmental impacts and continually to improve 
the environmental performance of the products, throughout their life cycle from raw material extraction 
to end of life”. Meanwhile academic and practitioners foresee far reaching objectives. Charter and 
Tischner (2001) defined ecodesign as ‘‘Sustainable solutions are products, services, hybrids or system 
changes that minimize negative and maximize positive sustainability impacts e economic, environmental, 
social and ethical e throughout and beyond the life-cycle of existing products or solutions, while fulfilling 
acceptable societal”.  
 
3. Method and data  
Case studies are rich, empirical evidence, such as historical accounts and descriptions of contemporary 
events, of particular instances of a phenomenon, typically based on a variety of data sources. Theory-
building from case studies is the ideal approach to bridge rich qualitative data and deductive research. 
Multiple cases are discrete experiments that serve as replications, contrasts, and extensions to the 
emerging theory and therefore enable broader exploration of research questions and theoretical 
elaboration. Thus, multiple cases ground more robust, accurate and testable theory [16].  
The unit of analysis is the ecodesign phenomenon. The central research question is how eco-design as a 
guidance and method contributes directly to eco-innovative and ultimately to innovative solutions? The 
main source of information is the 2011 Bilbao eco-design meeting memoire. This report compiled the 
Basque SME experience between 2001 and 2011 in ecodesign after local government initiatives via Ihobe 
to promote and support environmental practices and emerging eco-design concepts. By 2011, 138 firms 
were involved in at least one initiative, running a project (76/55%), being UNE150301 certified (62/45%) 
or issuing an eco-label/environmental product declaration (13/10%) or more. The Basques represent more 
than 50% of all UNE15031 certified companies. From these 138, 44 projects were selected as best 
practices cases. In turn, these practical cases have been triangulated with other information sources such 
as internal company reports and interviews, final year student’s theses and other open access Ihobe 
reports [17].  
The selection of the product for the project was based on relevant criteria, including, mature products, 
comply with customer needs and market requirements and renewal product or line of product design in 
progress. In the case of Ihobe and web portal (wwww.productsostenible.net) the unit of product is the 
Basque industry. Two analytical frameworks were integrated in order to dissect the multifaceted and 
entwined correlations amid eco-design, eco-innovation and innovation. On a broader level, the 
classification of innovations following the Oslo Manual guidelines (2005) was used to analyze their co-
evolution. On the one hand, Rennings (2000) stated “the distinctions between the different kinds of 
innovations cannot be very sharp, different kinds of innovation go hand-in-hand or, using the terminology 
of Norgaard, they co-evolve. Organizational and social innovations would always have to accompany any 
technical innovations and some would have to come first”. On the other hand, “the environmental gains 
from normal innovations have never been the object of systematic study” [8]. 
Within the wider context, the individual dimensions shape the eco-innovation. The eco-innovation 
dashboard framework proposed by Carrillo-Hermosilla et al (2009), characterizes the impact of the 
changes in the system by assessing and rating eight different dimensions in four categories: Design, user, 
product-service and governance. A one to five scale scores respectively incremental to radical changes. 
Despite this framework focus on the distinction between radical and gradual and continuous 
modifications, in this study was rather used as an analytical tool to identify the relationships that are 
replicated across most or all of the cases and mainstream theory building [16].  
The design category assessed three dimensions; component addition, subsystem and system change. The 
characteristics of the component addition dimension are described as the development of additional 
components to reduce negative impacts on the environment, namely end-of-pipe technologies [19]. Thus, 
this dimension is applicable to process rather than products therefore out of the scope of the study. 
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Replications of similar dimensions across different cases grounded correlation between the dimensions 
and types of innovations. Once dissect the eco-innovation, the set of solutions chosen to seize the 
significant environmental impacts were contrasted with the classification of innovations. Motivated 
environmental innovation extensions to non-environmental innovations evidenced co-evolutionary 
innovation activities occurrences. Technological, organizational and social innovations either precede or 
follow environmental innovations. 
 
4. Results and Conclusion 
 
Ecodesign methodology bridges environmental and innovation areas of knowledge by assessing and 
incorporating critical dimensions in the product development process at early stages. Therefore, the 
impact of the eco-design changes in each study case were looked not only through environmental but 
innovation glasses.  
4.1 Product Innovations 
The assessment of the design dimensions opens up an opportunity to appraise and incorporate 
environmental factors up-front in the product development/renewal stage. Beyond its contribution to 
overall significant environmental impacts reduction, these dimensions model the product environmental 
performance. The system and sub-system dimensions parallel the two levels of improved environmental 
performances. Eco-effectiveness and ecoefficiency, respectively are defined by Jakobsen (2001) as 
follows: a) eco-effectiveness is improving the total impact on environment when the consumers need or 
demand is satisfied by alternative fulfilment of the function in question and b)eco-efficiency is the 
improved environmental performance of a product through the selection of low-impact material, 
reduction of material usage, reduced energy consumption, reduced waste and pollution per functional 
unit of a product during its life cycle.  
The three eco-effective solutions observed where categorized as open systems or designs of products 
which are capable of being decomposed to become nutrients to new cycles within the ecosystem. The 
eco-efficient performance encompassed a range of solutions classified as less use of materials and/or 
resources, energy savings and pollution remission. Energy reduction could result from cumulative savings 
during product use or discrete cutbacks in shorter process cycles (manufacturing, assembly, stacking 
and/or disassembly). The improved environmental performance significantly contributes to value creation 
by enhancing product physical, economic and emotional functionality [13]. Over 70% of the less material 
and/or resources usage design changes implied product or component weight, size and volume reduction 
(individually or combined effect). In addition, energy losses reduction and energy efficiency and 
optimization enhanced the function of the ecoproducts. These physical functionality improvements had 
positive repercussions in the economic functionality through lower transportation costs, less packaging 
and easier disassembly. 
4.2  Process innovations 
The modern market perspective enlarges the concept of product to product-service system (PSS) 
approach [19] which refers to “a system of products, services, supporting networks and infrastructure”. 
The product-service dimensions; change in product- service deliverable and change in value networks and 
processes, stress out the importance of expanding local optimization to whole supply chain, incorporate 
added-value thinking, and stretch value chains out to value networks. Process innovations are locked in 
the operational activities along the value chain and thus unexpected and underestimated. The adoption of 
environmental impact assessment software revealed the lack of eco-indicators for some raw materials and 
customization opportunities. As a consequence, the process innovation extended to technological 
innovations which followed ecosoftware up-grades to either calculate new ecoindicators or incorporate 
ecodesign alternative cost analysis tools. Linked to emotional functionality, process innovations included: 
a) easier and less frequent maintenance and repair b) progress awareness through activity consumption 
real data boards and feedback through monitoring laboratory and process indicators, c) increased 
recyclability by replacing non recyclable components, or increasing the use of recyclable components or 
building up or expanding reverse logistics, d) creation of a new environmental business unit and d) new 
closer supplier. 
4.3 Marketing Innovations 
The two user dimensions, development and acceptance, seek to benefit from the user’s creativeness and 
inventive into the change process, not only by adopting innovations but also identifying breakthrough 
products or the opening of new markets. The introduction of eco-labelled products or identification, 
removal of toxicity pictograms of uncovered market segments (i.e, vulnerable or environmentally 
sensitive populations) boosts competitiveness and the development of new markets [13] and strengthen 
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the company’s brand name [13]. In 27% of the cases, electric-electronic sector, imminent Energy-related 
(ErP) directives application motivated the implementation of ecodesign projects. Green public sector 
procurement initiatives hastened architecture (6) and furniture and equipment sectors pace (both sectors 
35%). Fiercely international market competition and mature products encouraged the machinery-tool 
industry (11%) to step in ecodesign. Reaching new markets through ecobranding (local and European 
eco-labels) pulled the chemical sectors into environmental product design (11%). 
4.4 Organizational and Social innovations 
The governance dimension fosters organizations and institutions to develop mechanisms and instruments 
that stimulate eco-innovations such as decisive directives and strategies that strive for education and 
training programs, public-private partnerships, regulations and standards and public procurement, among 
others. Flows of knowledge were not limited to awareness, competences and training as ecothinking 
building blocks inside the organization [13] or across the value chain but further on the value network. 
Consolidating all projects, the actor network system comprised research centres, private and non-profit 
technological centres, universities, private consultancy firms, external designers, national and European 
industry associations, national and local professional associations, business development agencies, non-
profit companies and eco-design centres network [17] 
In the Basque eco-design experience, management by projects, flexible organizational forms and 
leadership unleashed ecothinking capabilities. Johansson and Magnusson (2006) [12] described the 
platform for ecodesign projects as the structure where the environmental issues are organized and 
prioritized as sub-projects. Knight and Jenkins (2009) observed that the cross-functional teams or “a 
diverse range of staff were included, within the limits of ensuring competence, so that views from all 
levels of the organization could be ascertained”. On top of other organizations embodied ecodesign 
approach to the mission as well as holistic and long term sustainability vision, and aligned ecodesign 
planning to business competitiveness strategies  
 
In summary, eco-design outputs extend across environmental gains. Current eco-design debate is focused 
on its promising contribution to long-term radical innovations. Yet, there are underdeveloped capabilities 
in short-term continuous improvement experiences. Downstream at the level of the organization 
“ecodesign tools should be compatible with the culture and current systems at a company level” [12].  
Basic business building blocks need to be thoughtfully and through fully re-evaluate under mandatory 
environmental considerations. Upstream, disengaging customer and user’ desires and emotional values. 
Rich and real world data is attainable for further systematic study.  
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Abstract 
Project management is at once one of the most important and most poorly understood areas of 

management. Delays and cost overruns are the rule rather than the exception in construction, defense, 
power generation, aerospace, product development, software, and other areas. Project management 
suffers from numerous problems of costing and scheduling. Cost overruns are common. Projects are often 
delayed to the point where the market conditions for which they were designed have changed. Project 
management is often counterintuitive. 

Paper examinates public project management applications in the context of the underlying structure 
that create adverse dynamics and their application to specific areas of project management, synthesizes 
the policy messages, and provides directions for future research and writing. Public sector project 
management in Latvia become popular in recent years as there is different type of public funding sources 
available. The paper describes the public sector project management practice in Latvia. Study shows the 
evaluation of impact factors in public sector projects of efficiency and sustainability. Research period 
covers the time period from May 2013 – May 2014. 
 
1. Introduction and Literature review 

Government and organizations usually embark on different projects with the aim of creating new 
service or improving efficiency of the existing ones. All these projects require appropriate skills and 
techniques that go beyond technical expertise only, but encompass good and sound skills to manage 
limited budgets, while at the same time dealing with people and organizational issues. The motivation for 
research and this article is based on public investment rise in European Union, especially different kind of 
financial instruments available for new EU member states. Also in recent years has increased level of 
non-eligible costs in frame of public project expenditures. That made author to analyse problems of 
public investment project planning process in Latvia. The hypothesis of research problem is defined as: 
the public sector project are often based on political decision not on project management decision making 
tools; Experts involved in public sector PM defines themselves as well skilled but meanwhile don’t use or 
use some of PM tools and technics; human resource plays crucial role in the public project planning and 
implementation process.    

The object of the research is public sector project management. 
The aim of the article is to evaluate project planning and initialization practice in public sector in 

Latvia as well as project management process efficiency using system dynamic approach. 
The objectives of the article are as follows: 
x assess the public sector project initialization practice and identify the problem areas of public 

project management in Latvia; 
x analyse theoretical background of project management; 
x provide problem identification model based on system dynamic approach;  
x provide proposals for public sector project management improvement. 
The research methods used in the article include the project empirical data analysis and literature 

review as well as survey based on questionnaire. Case study results are analysed with system dynamics 
methods and models has been elaborated for problem analysis. Study shows that public sector projects 
has lack of deep and well prepared initialization and planning stage.  
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Investment projects normally are large, non-recurring expenditures which involve multi-year 
funding, have a useful life greater than five years, are based on a comprehensive needs assessment, meet 
an essential public purpose, and require public accountability for funds. The recurring costs of investment 
projects on completion will have to be clearly understood and estimated by Public Bodies before 
embarking on the decision to go ahead with the projects. Investment projects may be funded from 
Government-owned resources, grants or loans from foreign institutions and/or by the private sector. 

Problem analysis identifies the existing situation and establishes the ‘cause and effect’ 
relationships between the problems that exist. It involves three steps: 
1. Precise definition of the framework and subject of analysis. 
2. Identification of the major problems and dangers faced by target groups. 
3. Visualisation of the situation.  

Project problems are ordinarily complex, consisting of many aspects that require analysis and 
insight [1]. We need to invest an appropriate amount of time to fully understand all aspects of the 
problem. Very often, what appears to be the problem is actually masking a bigger, more fundamental 
problem. Uncovering that fundamental problem is referred to as identifying the true need.  

Governments in some jurisdictions provide guidance on how to appraise proposals, using cost-
benefit analysis, before committing significant funds. For example, the governments of Australia, New 
Zealand, the United Kingdom, and the United States provide guidance on the issues and techniques that 
should be considered when assessing new regulatory, revenue or capital policies, programs, and projects. 
Such guidance advises public sector departments and authorities on how to undertake conventional 
analysis however; such guidance can offer advice on a broader economic cost-benefit analysis that can be 
more valuable to the public interest. 

1.2. Public Sector Projects 
Low institutional capacity 
The World Bank [2] defines institutional capacity as the ability of an institution to decide and to pursue its 
goals, to perform tasks, and to improve performance constantly. In a public sector, institutional capacity 
can be defined as the organisation’s ability to identify problems, to develop and evaluate policy 
alternatives, and to operate the government’s programs [3]. It is commonly believed that public sector 
organisations in less developed countries still have a limited institutional capacity [4]. Some of the 
characteristics of public sector organisation with weak institutional capacity are: 
• weakness in regulatory practice, 
• a low level of public accountability, 
• administrative inefficiencies, 
• limited human resources, 
• a lack of facilities, 
• and insufficient funding [5]. 
These characteristics lead to situations in which it takes long bureaucratic procedures, with a lack of 
transparency, to inadequate delivery of goods and services to the citizens [3]. 
Limited Involvement of Stakeholders 
The involvement of stakeholders –such as citizens- in the public sector organisations is limited in the less 
developed countries as compared to the developed countries [6]. It seems that public sector organisations 
pay attention only to the more powerful stakeholders. Batley [7] indicates that the officials and the civil 
servants of the public sector organisations are powerful group being the internal stakeholders. The 
external stakeholders, such as donor agencies and nongovernmental organisations (NGOs) have also been 
able to achieve influence usually because of the funding that they can provide to public sector 
organisations [3]. 
To reap the benefits of managing by projects DPWS recognises that the organisation must provide 
support for their projects and their people, to assist them in working together on projects to achieve 
corporate goals. This support should include systems for management of portfolios of projects, and 
training to develop the project management competence of all staff. In adopting a Management by 
Projects approach, the Department recognises that it is essential that the people within the organisation 
understand the approach, understand their roles and have the skills to work effectively within this 
environment [8]. 
Challenges for the Public Sector 
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Having grown progressively following the Second World War, the public sector, throughout the world, 
began, during the early 1970’s, to experience significant pressures for change. A primary focus was 
‘reducing expenditures while at the same time improving government operations’ [9]. 
According to the OECD [10], catalysts for change have included: 

x need for increased efficiency and cost-effectiveness to control and reduce public spending 
x reduction in national differences in public sectors and increasing desire to enhance 

competitiveness of national economies as a result of globalisation 
x rising service quality expectations from individuals and business 
x need to respond flexibly and strategically to external changes opportunities offered by new 

information Technologies  
Since the early 1980’s, common themes have emerged in the responses by national public sectors to the 
need for change: 

x emphasis on strategic management and planning [11] efforts to increase service quality and 
become more responsive through debureaucratisation’, allowing initiatives such as integrated 
service delivery [12,13] 

x increased public consultation in design and execution of policy  
x introduction of performance measurements associated with emphasis on and accountability for 

results 
x attempts to replace the ‘tradition of predictability and regularity that was the trademark of old 

public administration’ with adaptability and flexibility [14] 
1.3.Public investment – role and importance 

Investments can be seen as a bridge between generations, both for creating jobs for the young 
generation, and for inheriting the fixed assets, which it receives from previous generations. Also, 
investments are the material support for introducing the technical progress in all sectors of activity, while 
systematic updating allows maintaining them within the superior performance parameters. 

The concept of economic sustainable development means both resource protection in terms of 
raw materials, and environmental protection and restoration of ecological balance in order to provide 
equal opportunities to the future generations. Any investment project has an environmental component on 
which the investment decision will be built [15]. Public investments are defined as funds allocated by the 
authorities of the central or local public administration to achieve objectives or works of general interest 
in a certain administrative unit [16]. Public investments are designed to ensure the development of the 
society in general, seen as a whole. The effects of the public investments can be found in the social, 
cultural, health, science, publicƝ order, etc. fields. 

Public investment funds are limited through budget restrictions, however consuming and 
exceeding the limits granted in the originally approved budget can be made only by obtaining additional 
allowances or by redistributing the funds within the budget.  

Strategies, represented by the goals of the public projects, are a need for local authorities which 
have the possibility to implement investment projects based on the following: election programs, making 
a poll of the public opinion, establishing a long- or short-term thinking, establishing the way forward so 
that the relationship authority - community can run in the most harmonious manner possible. Public 
investment projects provide a direct correlation between the fundamental objectives, which take the form 
of capital expenditure, which in their turn, lead to producing public assets [17]. 

Public investment management processes and practices are affected by the broader governance of 
the public sector. In the UK and Ireland, for example, the public administration has adopted a more 
managerial culture, while many EU counties still rely extensively on laws and decrees for policy 
implementation. This can mean that the process of innovation and adaptation is likely to be much slower. 
Moreover, the reach of politicians into the detailed management processes of individual ministries can be 
extensive in some EU countries. Despite the high demand for public infrastructure investment, the 
capacity of the EU countries to use the funds effectively can be limited by various factors. Public 
investment planning in the EU countries tends to be shorter-term and often politicized. While all countries 
have prepared various medium- to long-term economic development strategies, they tend to be all-
encompassing with strategic investment priorities not clearly defined. Project appraisal is weak, 
especially the link to the budget process. Accountability arrangements also tend to be weak both in terms 
of identifying the full cost of projects and in comparing anticipated and actual outcomes. 
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Strong planning and management systems are essential to ensuring productive infrastructure investments. 
The experience from earlier EU accession countries shows that it can make a difference how well 
countries plan for and use the available structural funds, and there is ample evidence also from other parts 
of the world that good public investment planning is key to ensuring productive infrastructure 
investments.  
1.4.The Impact of Project Appraisal on Project Selection 

The quality of project appraisal practices is difficult to assess accurately. However, in most of the 
EU countries the results of the appraisal process do not necessarily determine the decision about which 
projects will go forward and the system still allows a wide political discretion in the selection of 
individual projects. 

Though cost-benefit analysis is a standard component of project appraisal in all countries, 
especially for EU funded projects, the quality of the analysis is typically not independently reviewed and 
the resulting analysis is not necessarily a significant factor in the project selection. While various projects 
could generate positive economic benefits, it is rare to assess their relative value-for-money. Moreover, 
project appraisal processes in the EU countries give much less attention to business case justification, 
project management arrangements, risk mitigation, and procurement strategies than is the case in the UK 
or Ireland. 

Substantial progress has been made in the EU10 countries to establish a good framework for 
public investment. Yet, the urgency to catch up on infrastructure investments and to utilize more fully EU 
funds sometimes competes is seen as competing with the application of robust value-for-money analysis 
to projects. This note has argued that the use of such funds should be more strongly linked to good 
investment practice, beyond merely requiring that cost benefit analyses be undertaken. Although many 
projects may demonstrate positive cost-benefit ratios, the relative cost- effectiveness of project designs 
and policy options needs more attention. Since the sector strategies themselves are often broad 
unprioritized lists, many potential projects can be loosely linked in support of the strategy. This note’s 
recommendations are: 
• Strategies linked to budgets: Strategic plans have to be linked to published government policy and to a 
reliable resource envelope if they are to generate genuine prioritization among competing policy options. 
To the extent possible the strategic plans should be updated on a rolling basis and indicate how specific 
programs or projects contribute to the policy objectives established for the sector. 
• Multi-year funding commitments: Spending authorizations for capital projects need to be made for a 
multi-year period covering the duration of the project or the project phase. At the same time, 
implementing agencies should also have flexibility to program the actual resources according to the 
specific needs of individual projects, e.g., by grouping projects within a “program” and authorizing 
moderate reallocations to occur between faster and slower moving projects. 
• Cost-benefit assessment: The selection of individual projects within the overall strategic plan should be 
driven by high-quality analytical assessments of competing projects which in turn could more effectively 
inform political judgments. Projects need to be assessed against alternative options to assure appropriate 
value for money. 
• Ex-post evaluation: The public investment management system should require evaluation of past project 
experiences and incorporate the lessons into future guidance and regulations. These reviews could be 
undertaken by any number of institutions, including ministries of finance. 
• Investment in skills: Project planning and project management skills need to be enhanced and retained 
within the civil service. Such skills are needed for effective management both within the public sector and 
the private sector (the latter may be undertaking investment on behalf of the government) [18]. 
1.5.Effectiveness in the Public Sector and Nonmonetary Benefits 
In the public sector there is a vast number and diverse range of potential uses of resources and the 
efficient use of resources has a significant impact on the welfare of citizens. As resources are finite, a 
decision to implement one proposal may preclude implementing others. There are always alternatives that 
need comparison even if the choice is between ‘doing something’ and ‘doing nothing or the minimum’. In 
considering a spending proposal, decision makers need to be assured that the overall welfare of society is 
raised as a result of the proposed action. CBA attempts to evaluate the proposal from the perspective of 
society by placing all the costs and benefits on a comparative monetary scale [19]. If the project is 
expected to generate benefits that cannot be measured in monetary terms, the analysis (a) clearly defines 
and justifies the project objectives, reviewing broader sectorial or economy wide programs to ensure that 
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the objectives have been appropriately chosen, and (b) shows that the project represents the least-cost way 
of attaining the stated objectives [20]. 
The results of cost-effectiveness analysis need not be expressed in monetary form. It can be applied to 
public sector investment projects, where there is a large number of relevant quantitative project indicators 
that still cannot be expressed monetarily, while being comparable with the appropriate quantitative 
indications of other analogous projects. 
According to Kazanovski [21], a cost-effectiveness analysis requires the fulfillment of three conditions: 

x determining a common goal or application that must be achieved; 
x the existence of alternatives to the achievement of the goal; 
x the existence of limiting factors in the solution of the problem. 

Goals are needed in order to have a base for comparison. For example, it would not make sense to 
compare investments in the production of submarines with investments in a highly developed 
communications network. In addition, alternative ways of goal fulfillment must exist in order to be able to 
compare them. Finally, the limiting factors of time, price or efficiency must be within reasonable bounds, 
so that the possibilities that are being considered can be determined and defined in the best possible way. 
Kazanovski points out that it is necessary to fulfill 10 standard steps in order for the approach to analysis 
to be correct, and that they must be fulfilled in a certain order: 

1) Define the goals, purpose, application and everything else of significance for the project. Cost-
effectiveness analysis will find the best possible way for their achievement. 

2) List the conditions necessary for the achievement of goals. This means to first present the basic 
prerequisite for the achievement of the goal, followed by the others. 

3) Develop alternatives for achieving the goals. At least two possible ways to achieve a goal must 
exist. 

4) Determine verification measures that are acceptable for the proposed alternatives. A possible list 
of valuation criteria would be: feasibility, availability, reliability, sustainability, etc. 

5) Choose an approach for determining fixed successes and fixed costs. In using fixed success 
criteria, the most favorable alternative is the one with the minimum price of achieving separate 
goals or degrees of success. The options that cannot achieve goals at that price are either excluded 
or penalized. In using fixed cost criteria, the amount of achieved results at a given price is taken, 
where the “price” is usually the present value of annual costs during the project life cycle, 
encompassing research and development, engineering, construction, project implementation, 
maintenance, protection and other costs incurred by the project during its life cycle. 

6) Determine the advantages of an alternative expressed in established valuation measures. 
7) Express alternatives and their advantages in an acceptable way. 8) Analyze different alternatives 

on the basis of success criteria and cost consideration. 
8) Analyze the sensitivity of alternatives, in order to see how small changes in assumptions or 

conditions cause changes in alternatives. 
9) Submit in writing all considerations, analyses and conclusions from the previous nine steps. 

 Throughout the last three decades, the focus on CBA as a vehicle for economic efficiency appraisal of 
public projects has increased. Several studies [22,23,24,25] have shown that a crucial role play a choice 
and valuation of benefits and costs in public projects evaluation. However more often there have 
indicated problems of proper discount rate choice [26,27,28]. 

Another strand of this literature finds that the broader institutional context within which 
investment decisions are undertaken and the quality of project selection, management, and 
implementation play a crucial role in determining the return on investment and its growth dividends 
[29,30].  

Public investment, particularly infrastructure, may also respond to political economy motives 
rather than simple economic efficiency considerations. For example, Henisz and Zelner [31] present 
evidence that interest group pressure and the structure of political institutions affects investments by state-
owned electric utilities. Guasch [32] et al. (2007) show that weak operational frameworks increase the 
likelihood of political interference and make the expropriation of sunk investments more likely, 
jeopardizing the realization of medium term returns. Many of these problems are more acute in low-
income countries. 
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The importance of the quality and efficiency of public investment spending has also been 
highlighted in arguments for granting countries additional fiscal space for productive investment. A 
number of studies argue that the failure to recognize the asset-creating nature of investment and the inter-
temporal tradeoffs involved creates an anti-investment bias in developing countries, with negative 
consequences for growth [33,34,35].  

These studies note, however, that public investments are likely to exhibit higher marginal 
productivity ex post if the government is able to ex ante select high return projects—thereby significantly 
cutting down on wasteful projects and insuring efficient utilization of fiscal resources for investment 
spending. 
1.6.Project Selection and Budgeting 

The process of appraising and selecting public investment projects needs to be linked with the 
budget cycle. Cross-country experience suggests that in the absence of proper integration, governments 
resort to borrowing without due consideration of the sustainability aspects, assets are inadequately 
maintained, and major projects suffer from poor management and performance [36]. Our index assesses 
these dimensions using the following criteria: 

x A medium-term framework that translates fiscal objectives or rules into a credible plan for the 
evolution of fiscal aggregates is important for evaluating the sustainability of the investment 
program. This is evaluated in two separate criteria: assessing the existence of multi-year forecasts 
and their linkage to annual budgetary policies; and the integration of recurrent and investment 
expenditures in the budget to determine whether multi-year current and new sector polices can be 
financed within annual aggregate fiscal targets. 

x Efficient investment requires sound decisions in the choice of investments, active management of 
the asset portfolio (including through disposals), and a budgetary process that allocates recurrent 
funding to operate and maintain existing assets. The latter is especially important for donor 
funded projects that create assets, which can be significant in many low-income countries, while 
operation and maintenance costs are borne by government. To this end, our index assesses the 
inclusion of information on donor-funded investment projects in the budget. 

x In some settings, formal project selection checks are avoided by “jumping the fence”, or side-
stepping controls put in place to keep out poor quality projects. A more formal review process 
through the budget committee or equivalent of the legislature, backed up by high levels of public 
disclosure, could assist in reinforcing the appraisal standards and gateways put in place. 

In order to comply with these standards, Member States are required to set up complex management and 
control systems, where particular attention has been given to the division and description of 
responsibilities, taking due account of the principle of separation of functions (Art. 58 of the general 
regulation), establishment of financial flows, together with the required documentation flow from the 
European Commission to the beneficiary and backwards in case of recoveries (audit trails) and crucially 
the control provisions, which need to be specified in detail (specification of responsibilities, control lists, 
risk analyses where sample checks are used, etc). 
From the more public choice arena, he makes observations as to the relationship between political 
sphere and absorption, especially from the perspective of staff requirements and institutional 
structures. The author calls for timely reorganisation and the need to ensure continuity of personnel 
whatever the organisational changes. He also draws attention to the necessity of having close political 
relationship between the Managing Authority and the Prime Minister.  

2. Research, Case of Latvia 
2.1. Project Problem Definition and its Modelling 

The essence of planning is the opportunity to see the threats and remove them or to use it in 
decision making process. Project planning defines the project management team's responsibility, the 
allocation of costs, the division of labor and the level of control [37]. 

Justification of a problem situation should make sure it describes a controversy, not just lists a 
number of various facts. A typical mistake is to indicate in the project submission the desired situation, 
not describing the existing. In such a case the problem justifying the need for the project is not 
demonstrated. Therefore, the problem results from the problem situation. If a problem situation is not 
analyzed in sufficient detail, the solution, too, can be incomplete. To justify the necessity for the project, 
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What is the root source of the problem? Step 2. Begin defining the causes of the problem. We should start 
with a fact in the loop.  State it in sentences such that there is a relationship between cause and effect.  
Step 3. Each cause becomes an effect of the next.  To find a cause, we need to answer question Why? To 
find out the effect, we need to discover what happens.  It’s a probing process of Why’s.  Directional 
relation  of the loops goes from Cause to Effect.  Step 4.  Show relation between Cause to Effect as 
reinforcing (+) or negative (-).  This does not indicate good or bad it just means as the cause goes 
intensifies, effects does too (+) and as cause diminishes, effect does also (-). A negative or balancing loop 
(-) is referred to as a "goal seeking" loop. There is a mechanism in this loop that is trying to maintain 
some level of stability. 

Another key group of variables includes the variances associated with four Project goals: 
schedule, cost, and quality. Variances occur when actual Project characteristics are less than the planned 
characteristics at a specific point in time. For example, schedule variance means the project is behind 
schedule, cost variance means the project is over budget, quality variance means that rework is necessary 
(Figure 2). 

Another group of variables include the project manager’s emphases on the four areas of project 
goals. The arrows between these variables reflect the assumption that while project managers may have 
specific goals in all four areas, it is the relative emphases between the goals that is important. In other 
words, a project manager cannot effectively emphasize all criteria; project personnel will focus on the 
area or areas that their supervisor emphasizes the most. 
Overtime and Fatigue are another set of important variables due to their assumed effects on variances. If 
schedule variance occurs, project managers will typically attempt to get back on schedule by directing 
overtime, which leads to cost variance. 

In every project decision process we should pay full atention to proceses inside the model to get 
the best results and found appropriate problem solution. Author provided model shows input, process and 
outputs for defining project problem. If there is adequate problem description we can set up appropriate 
goals and solutions to be achieved in the frame of project. Such a model can be used in project 
management practice and academic disclipines. 

This initial representation indicates that at the Work Remaining with regard to the current project 
schedule increases it will tend to produce Schedule Pressure. This Schedule Pressure with tend to promote 
Overtime to reduce the Work Remaining with regard to the current project schedule. This structure 
represents a balancing loop where Overtime is used to counteract the Work Remaining. 

While the Overtime is intended to counteract the Work Remaining it has a couple additional 
influences. If Overtime increases sufficiently it will begin to depress Morale, which will subsequently 
influence Productivity to decrease. The decrease in Productivity will then tend to increase the Overtime 
required. This structure represents a viscous reinforcing loop moving opposite to the direction desired. 
At the same time an increases in Overtime influence an increase in Fatigue. The increase in Fatigue will 
then tend to reduce Productivity further increasing the Overtime required. What we have is another 
viscous reinforcing loop moving opposite to the direction desired. 

An increase in Overtime brings with it an increase in Overtime Cost. As Overtime Cost increases 
there is an increased emphasis on cost which shows up as Cost Pressure. The Cost Pressure is interpreted 
by the management of project in such a way that it shows up as additional Schedule Pressure. This 
increased Schedule Pressure then leads to even more Overtime. Here we have but one more viscous 
reinforcing loop in which actions influence the overall effect to be just the opposite of what is desired. 
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Figure 2. Causal loop diagram 

Source: Author eloborated model, based on case study
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While managers have little control over projects, they do have great influence in avoiding the 
unintended and counter intuitive consequences that that cause projects to falter. Systems thinking can help 
managers, engineers and programmers understand the dynamics of project system, their part in the 
system, and the varieties of policy feedback that cause project performance problems.  
Such a systems perspective sheds light on what doesn't work, and on what does work, in managing 
software projects. For example, demanding excessive overtime and hiring personnel too rapidly definitely 
don't work because they have an adverse impact on quality and productivity - and ultimately on project 
schedule and cost. 
Among the things that work are to 

x do excellent planning including product specs, project plans and test plans before starting 
development,  

x guard band schedule beyond the minimum development time because,  
x identify independent, parallel development opportunities because two decoupled sub-projects 

take about one quarter the manpower of one large project of the same size,  
x test as soon as possible to avoid the effect of defects on downstream code, and  
x before the project starts, identify optional functions that can be worked on later, or dropped, if the 

project gets in trouble.  
Most system dynamics problems are non-linear. This means that the cause-effect relations between 
variables are not proportional. Non-linear effects are subtle, because a certain effect observed in one 
range may not be valid at all in another range. Non-linearity furthermore often means that there are 
“interaction effects” between variables. Non-linearity is very hard to analyze not only intuitively, but also 
mathematically, especially when embedded in a dynamic feedback context. As the number of variables 
increases, the complexity of the problem increases nonlinearly. With only three or four variables, even a 
non-linear feedback problem can be analyzed in most cases mathematically and perhaps intuitively. But 
even “small size” policy problems involve tens of variables. At this scale, a non-linear feedback problem 
immediately becomes impossibly hard to track – mathematically and intuitively. 

As the minor problems respondents identified: frequent change of management official’s decisions 
and initiatives, corruption, changes in responsible officials and political leaders. As the important or very 
important problem factors which could affect the ability and capacity of local government projects 
respondents defined: management official’s lack of understanding of project management issues, 
inadequate staff motivation system, lack of human resources and lack of project management 
competencies and professional skills. 

Authors has elaborated survey questionnaire for local municipality project management specialists. 
Questionnaire has been sent to all Latvian municipalities (in total 119), in the frame of study 97 

responses has been collected (research sample is 97 out of 119, n=97). Research period is January 2013 – 
February 2014. 

Quantitative analysis carried out in two steps: describing the central tendency and variation of 
parameters and in accordance with the empirical distribution with the normal distribution choice of 
parametric or non-parametric method for Inferential Statistics. 
Study shows (Figure 3) that in public sector project management there is lack of deep problem and 
situation analysis. 45.78% of respondents elaborated project proposals based on local municipal 
development programs and policy planning documents and don’t provide deep analysis of problems. 
26.05% of respondents accepted that they don’t use situation analysis methods but project proposals are 
elaborated based on desired situation. Still 28.17% of respondents showed that they used project 
management methods such as current situation analysis and research, case study methods by clarifying 
the factual situation and the desired situation. 
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Figure 3. Problem definition practice in public sector in Latvia (n=119) 
Source: author empirical research

  

Conclusions and Recommendations 

In the public and not-for-profit sectors, delivering sustainable value involves ensuring that public 
funds are spent in the most effective and efficient way and consistent with long-term objectives, and that 
services provide the desired benefits to society. Organizations should place investment appraisal in a 
wider strategic context in terms of how an investment supports the achievement of strategic objectives, 
goals, and targets and responds to opportunity and/or risk. For example, determining whether acquisition or 
internal growth is most effective in reaching an organization’s strategic objectives requires an understanding of 
the business environment and an organization’s specific situation. A wider strategic analysis might include an 
assessment of (a) state and region economics, (b) economic profitability across markets, products, and 
customers, (c) determinants of sustainable demands and competitive position, and (d) alternative options. 

All available measures for improvement must be employed. The conventional mode of planning and 
designing infrastructure has long historical roots and is deeply ingrained in professional and institutional 
practices. It would be naive to think it is easily toppled. Given the stakes involved saving taxpayers from 
billions of dollars of waste, protecting citizens’ trust in democracy and the rule of law, avoiding the destruction 
of spatial and environmental assets - this shouldn‘t deter us from trying. 

Public sector project realization planning represents a project management phase that encompasses 
goal definition and the determination of ways and measures for achieving the set goals, i.e., that the project is 
realized in the planned time, at the planned cost. Whether projects are public, private, or public-private, they 
should be vested in one and only one project organization with a strong governance framework. The project 
organization may be a company or not, public or private, or a mixture. What is important is that this 
organization enforces accountability vis-à-vis contractors, operators, etc., and that, in turn, the directors of the 
organization are held accountable for any cost overruns, benefits shortfall, faulty designs, unmitigated risks, 
etc. that may occur during project planning, implementation, and operations. If the institutions with 
responsibility for developing and building major public projects would effectively implement, embed, and 
enforce such measures of accountability, then the misrepresentation in cost, benefit, and risk estimates, which 
is widespread today, may be mitigated. If this is not done, misrepresentation is likely to continue, and the 
allocation of funds for infrastructure is likely to continue to be wasteful and undemocratic. 
To improve project management practice and efficiency in public sector in Latvia, author can recommend: 

x To increase the capacity and professional skills level for local municipal project management 
staff (training programs, supervisions etc.); 

x Define the appropriate organizational structure for project elaboration and implementation; 
x Project management tools and techniques should be applied gradually (should be as an obligatory 

requirement in big scale public sector projects). 
In summary of the study results, the authors define the planning phase as the most important 

project management process, since adequate planning process is a factor for successful project 
introduction. It is the use of inappropriate project management planning methods in municipalities that 

28.17%

45.78%

26.05%
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creates problems in the project implementation and introduction phase, the results of which follow from 
low-quality technical projects, procurement documents, incompletely developed risk analysis and cost-
benefit analysis. 
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Abstract 
Over the last fifty years project management has gained world-wide popularity both in business 
and state administration. While companies have no hesitation to use project management and its 
various methods and aim for their efficient application, the situation in state administration quite 
different. Many countries have realized the importance of project management methodology in 
efficiency, productivity, and resource optimization; others countries see project management as 
a new type of state administration and believe it can provide great benefit to state administration 
in general. 
The purpose of the article is to study of the typical mistakes in the project management process 
financed by the European Union in Latvia in the planning period of 2007-2013, based on the 
audits and revisions of institutions involved in the EU fund management carried out over the 
current planinng period of 2007-2013. 
 
 
1. Project management and project management process 
 
Project management makes use of several international standards defining and describing a 
project, project management process, project targets and tasks. E.g. H. Kerzner notes that 
project management has grown into a corporate level project management system, which has 
effect on each of the functional units of the business. The IPMA competence baseline (2006) 
defines a project as an operation characterized by certain constraints, e.g. targets, time, finances 
and cost constrained operation to realize a set of defined deliverables (the scope to fulfill the 
project's objectives) up to quality standards and requirements. According to the Project 
Management Institute of USA, a project is a temporary endeavor undertaken to create a unique 
product, service, or result (PMI, 2008). In quality management, a project is defined as a unique 
process consisting of a set of co-ordinated and controlled activities with start and finish dates, 
undertaken to achieve an objective conforming to specific requirements, including constraints of 
time, cost and resources (ISO 10006). Project management is made up of many different 
interrelated operations or activities aiming to achieve a common goal. The main purpose of a 
project is fulfilled only when all activities have been realized. A project is characterized by its 
dynamic nature - ability to react to change and problems. 
There are several definitions and explanations of project management process in the scientific 
literature on project management: 
* The project management process is defined based on the process description and measurable 
results. It improves the project management quality (Gareis R., Stummer M., 2008) 
* PMBOK Guide (PMI, 2008) states that project management consists of two processes: project 
management process and product-oriented process 
* The project management process is a set of focused activities showing and organizing the 
project progress (Collins, RJ, 2011) 
In light of these descriptions it can be determined that the project management process consists 
of several processes organizing the project progress. 
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The project life cycle consists of four phases (Westland, 2006). Figure 1 clearly shows 
project management processes applied against the various stages of the life cycle.  

 
            
 
 

 
  Inception     Feasibility    Strategy         Design and           Commission 
                           construction 

 

�
Figure 1: Project management process (Fewings, 2009) 

2. Research on typical mistakes in the projects financed by the European Union in 
Latvia 
 
Hundreds of thousands of projects throughout the EU have benefited from investment from 
regional policy over the years. For the 2007–13 period, Latvia has been allocated around € 4.6 
billion in total, €4.5 billion under the Convergence Objective. This is nearly four times more 
than for the previous programming period, 2004–06.Latvia has three programmes: two 
supported by the ERDF and Cohesion Fund: ‘Entrepreneurship and Innovations’ and 
‘Infrastructure and Services’, and one supported by the ESF: ‘Human Resources and 
Employment’. All three programmes cover the entire territory of Latvia. 
The financing available to the National and Regional Scale Development Centre Growth 
Promotion for Balanced State Development activity of the event Support for Sustainable Urban 
Environment and Urban Region Development of the supplemental priority Polycentric 
Development of the program Infrastructure and Services in the 2007–2013 planning period 
makes up LVL 209,216,720, including ERAF co-financing of LVL 177,834,211 and national 
public co-financing of LVL 31,382,509 (State budget grant), and as a consequence the reception 
and efficient administration of financial resources have become topical issues. 
The above-mentioned financing is intended for encouragement of the regional development in 
the regions of Latvia, except for the capital – Riga. The financing is invested in the regional 
municipality infrastructure objects and the amount of one project is no less than EUR 
1,000,000. 
Regional development is a concept describing a very important part of nowadays public policy. 
If before regional development was defined and shaped in various ways at national level, today 
the European Union plays a significant role in regional development and policy 
What is special about state projects is their direct relationship to the traits of a country as a 
decision-making subject. Apart from such traits as uniformity of the target of influence, state 
power, unification of double, triple and multiple standards, there is also a special context to be 
considered when working on state projects: 
* Specific legal regulations, determining on one hand the activity of the whole society and on 
the other that of institutions undertaking the projects. The amount of such regulations is much 
greater than in business. 
* Wide range of stakeholders and responsibility before the society, and the stakeholders can be 
both in and outside the reporting process. The internal stakeholders are state institutions, 
agencies, officials etc. The number of external stakeholders is greater - mass media, citizens, 
interest groups etc. 
* Use of state resources to finance state projects from the state budget. This increases the 
responsibility of state officials and complicates it due to the difficulties of measuring the project 
success and manager's performance. It is also hard to assess the benefit that the project provides 
to the society, since it is sometimes impossible to apply such indicators as benefit-cost analysis 

PMI 
Process

Initiation  Planning Execution Close  

Phase 
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(BCA) or the return on investment (ROI). Officials normally use qualitative indicators to assess 
project efficiency and benefits. 
 
The study of typical mistakes in public projects reveals that they can be subdivided into four 
major groups based on their influence on the mistakes: 

• Project management 
• Procurement 
• Construction projects 
• Accounting  

 
Typical mistakes in project management: 

• Incorrectly calculated resource needs on the project – financing, deadlines, people 
• Missed project deadlines 
• Uncoordinated extension of delivery deadlines 
• Insufficient care taken to select cooperation partners 
• Poorly planned cash flow 
• Contractual terms not read and observed 
• Expenses not matching estimates 
• Contractual publicity requirements not observed 
• Procurement from related persons 
• No certainty of the economic advantage of chosen proposal 
• Setting project goals that are not actually planned to be achieved during project 
• Diverting from project goals during execution 
• Lacking or only formal equal opportunities for the handicapped 
• No price control 
• No control over suppliers' promised deadlines, contractual penalties not applied 

Typical mistakes in procurement: 
• Insufficient preliminary research, and resulting poor technical specifications 
• No market research, and as a consequence inappropriate price 
• Insufficient assessment of the potential of unforeseeable expenses 
• Exceedingly limiting requirements for candidates 
• Equal competition and equal opportunities not ensured 
• No opportunities for newcomers to enter the market 
• Insufficient time allowed to prepare the proposals 

Typical mistakes in construction projects: 
• Low quality projects 
• Insufficient care taken in preliminary research 
• Not all work foreseen – especially in renovation and reconstruction of old constructions 
• Poor construction supervision 
• Insufficient care taken in filling construction supervision logs 
• Contracts favour supplier, project manager has no right to apply sanctions in case of 

contractual delays or non-performance 
Typical mistakes in accounting: 

• Accounting methods do not describe project accounting procedures, which makes 
tracing and control more difficult 

• Accounting does not comply with laws and regulations effective in Latvia – accounting 
principles, document formatting, business legality 

• No information stored on requests for payment (RFP) preparation details 
• RFP include data that does not comply with accounting procedure 
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• Project-related documentation does not indicate contract/project No. (double financing 
risk) 

• No confirmation that the project manager control project execution and financing 
• Documents are not stored in accordance with requirements of regulations and contract 

conditions (deadline, document nomenclature, storage place, registers) 
• Document nomenclature does not foresee a required document storage time 

 
Conclusion  
 
Consequences of mistakes : 

• non-conformance or financial corrections; 
• withheld financing; 
• penalties for Latvia.  

These mistakes can be minimized by simplifying the system through preventive project control. 
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Abstract:  
In our ongoing research, we intend to measure the quality of the process and outcomes of 
trainings (experience-based courses) offered at an economic and business administration faculty 
of a Hungarian university. A complex approach is adopted, defining competence development 
outcomes as the technical quality of the service, while students’ evaluations of the delivery of 
these new types of courses as the functional quality of the service. 
For measuring functional quality, we have used a SERVQUAL approach, adopting it to a 
course-level evaluation by students. In our preliminary analysis, a factor analysis was carried 
out to validate our scale, resulting in well-interpretable results, showing that trainings enable 
students to improve their competences and also that our scale for measuring the quality of the 
service delivery process is valid and shows a good functional quality of our courses. 
 
1. Introduction 

 
According to higher education experts, the most important consequence of the 
Bologna reforms will be a modification of education paradigm throughout the whole 
continent. Institutions will slowly shift from a teacher-based concept of education to 
a student-based one, which is more appropriate to meet the expectations of mass 
education (Alfassi 2004). Students who are increasingly considered as customers of 
the education service further reduce power asymmetries (by, for example, student 
opinion polls), and change the previously dominant student-teacher power relations 
(Morley 2003). In addition, it is also due to an increasingly competitive higher 
education environment that institutions, department and course managers consider 
service quality a highly important issue. In this sector, it may have long term effects 
for both the student and the institution, as it may influence student recommendations 
as well as their future monetary support (Lelanc and Nguyen 1997).  
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These processes have led us to devise a research planned for the long-run about the 
outcomes of putting competence and skill development into practice. An important 
methodological issue in this field is how to measure competence and skill 
development. In addition, the questions of how students accept the new methods of 
teaching (experience-based, small-group trainings) and of what their opinions are 
about this have arisen. For this, a survey of two directions has been planned: we are 
measuring competence development of training courses, as well as students’ 
perceived quality and satisfaction of them. In this paper, we present the early results 
of the latter subtopic. 

 
 

1. PERCEIVED QUALITY IN HIGHER EDUCATION 
The main objective of the presented part of our research therefore is to answer how 
students’ perceived quality and satisfaction can be measured in connection with skill-
developing trainings, and what are those dimensions of this specific education process 
that are important in their satisfaction. Thus, in this section, we review the theoretical 
background of service quality measurement, specifically in a higher education setting. 
The questions presented above have led us to think about higher education outcomes 
complexly, realising that the difficulties of evaluating the quality of services evidently 
applies here. The quality of the service (in our case, university courses of training) has 
different meanings for different people; for service providers (in our case, the institution 
and the teachers or instructors of the trainings themselves) and for customers (in our 
case, the students). 

1.1. Dimensions of service quality 

As providers and customers have different knowledge and often there is an information 
asymmetry between them, we may differentiate between technical and functional 
quality. Technical quality relates to what has been provided during the service process, 
while functional quality relates to how the service was provided (Grönroos 1982). In 
our consideration, this approach can certainly be applied in higher education. Technical 
quality refers to what competences are addressed during a training or other university 
course and the efficiency to achieve the development of these competences. Functional 
quality, on the other hand, refers to how these competences are developed: it is the 
environment, the instructor, the method of teaching and student experiences: the process 
of the training which is important. We suppose that students’ perceived quality of the 
service is affected by functional quality, while technical quality is related to the longer-
term value of their knowledge and skills, often evaluated at the labour market, years 
after graduation. 

1.2. Research of perceived quality in higher education 

Cuthbert (1996a, 1996b) used a modified SERVQUAL questionnaire in order to make it 
applicable in a higher education setting, with only the minimum necessary wording 
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changes to preserve reliability. With a sample of 134 respondents, the results suggested 
a significant modification of the factor structure compared to the original theoretical 
structure. The author’s main suggestions include to revisit the dimensions used in 
higher education courses, as service experience presumably is a more complex 
assessment in this field compared to banks or restaurants, as students’ encounters last 
for weeks or months. Also, it is important to consider according to him that although 
service provision encompasses administration, computer services or library facilities, 
the peculiarity of the course as a service requires a development of a new instrument 
that focuses only on those elements of quality that are under the control of the course 
manager. 
Tan and Kek (2004) used an adapted version of the SERVQUAL scale, consisting of 76 
attributes classified into eight factors of service quality in education. On the basis of 
958 responses from two universities, the authors found that a significant reduction of 
the attributes as well as dimensions is needed, and that the instrument is applicable in 
measuring gaps of perceptions and expectations of students. 
Lupo (2013) successfully used a university-level SERVQUAL approach (with 
dimensions of academis staff, infrastructures, equipments and aupport services) for 
identifying the service main Gaps and a suitable ‘‘Gaps oriented’’ strategy for the 
overall service quality improvement has been found. 
 

2. METHODOLOGY 
At this phase of our research, we intended to validate a scale for measuring perceived 
quality and satisfaction with courses, and if the instruments proves to be valid, to 
receive information about the gaps of quality. Being at the beginning of the research, we 
considered diverse types of university courses (trainings, seminars, lectures) as we 
intended to develop an instrument that is appropriate to measure the course-level quality 
of all our courses. We have therefore developed a SERVQUAL tool (that may be called 
EDUQUAL) and used it to capture the course-level perceived quality of the courses – to 
measure students’ perceptions. We have adapted the SERVQUAL approach due to its 
ability to generate information on not only the evaluations of the actual service, but also 
about the expectations of students. Compared to the original scale, we have devised a 
significantly modified version of it, as higher education courses differ significantly from 
those types of services that were originally measured by the model. Nonetheless, we 
have managed to preserve the content of the five original dimensions, and have 
formulated 24 statements to be evaluated on a 5-point Likert scale. In this process, we 
put an emphasis on using items that are under the control of the course manager. In 
addition, we used 4 items for measuring student satisfaction: 

� perceived importance of the course content for the career of the student, 
� the course worth the need to pay tuition fee for the education, 
� the teacher’s education method increased the student’s interest towards the topic, 
� overall satisfaction with the course. 
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For the SERVQUAL evaluations, our sample consisted of 181 respondents (of which 
36,5% are males and and 63,5% are females) which was divided among 4 teachers and 
12 courses, both training-and non-training types. 
 

3. RESULTS 
In order to validate our adapted SERVQUAL instrument (EDUQUAL) and to identify 
dimensions, a factor analysis was carried out to validate the gap scores (perceptions 
minus expectations for each items). A principal component method and VARIMAX 
rotation were used. The factors we identified were different from those indicated in the 
theoretical model, but in majority are well interpretable and were able to explain 
approximately 65% of the total variance, which is a good result compared to other ones 
in this specific field. 
The factors identified are the following: 

� Cooperation, refering to the atmosphere of the classes and the level of 
partnership in the relationship between the teacher and the students. 

� Reliability of teaching method, which refers to the way knowledge is trasferred 
and whether the teacher takes the students’ needs into consideration. 

� Assurance and punctuality which refers to an accuracy of the administrative and 
professional sides of the teaching process. 

� Empathy, partly referring to meeting students’ needs (this dimension is 
somewhat more ambiguous compared to the other ones, as items belonging here 
are not so compatible) 

� Tangibles, refering to the physican environment as well as the appearance of the 
teacher (Table 2). 

When controlling the reliability of the above described dimensions, it was found that 
that of Cooperation, Reliability of teaching method, as well as Assurance and 
punctuality are good, whereas Empathy (as suspected) and tangibleas are lower. 
 

TABLE 2 
Factors of perceived quality 

 
Factors 

(Chronbach’s 
alpha 

reliability) 

Items 

Factor 
loadings 

Cooperation 
(0,822) 

informal style of communication with students ,807 
communication with students as an equal partner ,760 
when a problem occurs, the teacher deals with solving it ,615 
the classes take place in an agreeable atmosphere ,576 
the teacher  really holds the interest of students in mind ,575 
the teacher is polite with the students  ,530 
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the teacher pays attention to the comments of the students ,519 
Reliability of 
teaching 
method 
(0,779) 

the teacher adapts to the knowledge of the group ,764 
the teacher cares about transferring the knowledge in an 
interesting way 

,709 

the teacher cares about transferring the knowledge in an 
understandable and transparent way 

,707 

the course will give up-to-date knowledge ,616 
Assurance 
and 
punctuality 
(0,832) 

at the course, evaluation is clearly linked to performance ,703 
when the teacher promises something for a certain time, it 
will be accomplished 

,652 

the teacher always takes time to respond to requests, 
questions 

,559 

the teacher does not make professional mistakes at the 
classes 

,555 

the teacher is always available at previously given or 
agreed times 

,532 

the teacher adequately administers the fulfillments ,483 
the teacher provides appropriate aids for studying ,448 

Empathy 
(0,625) 

the teacher keeps the classes exactly according to the 
schedule 

,762 

the teacher pays individualized attention to the students ,674 
the teacher can answer administrative questions concerning 
the course 

,597 

Tangibles 
(0,659) 

the teacher uses modern tools in the classroom ,786 
the teacher’s appearance is pleasant ,621 
the aids (e.g. ppt's, handouts) used by the teacher are 
visually attractive 

,579 

Source: Own construction 
 
When calculating the gaps between the perceptions and expectation of students (means 
of evaluations, Figure 1 and 2), we found that there were only marginal gaps, and these 
were positive at most of the cases, indicating a good quality of service delivery. The 
results also show that both expectations and perceptions get high ratings. The lowest 
(compared to the other factors) expectations and evaluations belong to the dimension of 
tangibles, while other dimensions seem to be equally important. 
Our results also showed that there were significant, but moderate correlations between 
most of the factors and overall satisfaction (Table 3). Further calculations of 
correlations between factors and satisfaction showed that there is a significant 
correlation between the Reliablity of teaching method and perceiving the course worth 
the need to pay tuition fee for the education (0,511, p<0,01). The exception was the 
factor of Empathy, which seems to be a little bit problematic – this was the most 
difficult to give a name to, too. For future research, it will worth consider modifications 
in the scale. 
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TABLE 3 
Correlations between perceived quality factors and satisfaction 

Factors 
Correlation with 

overall 
satisfaction 

Cooperation 0,464** 
Reliability of teaching method 0,475** 
Assurance and punctuality 0,473** 
Empathy 0,134 
Tangibles 0,364** 

Note: ** Correlation is significant at the 0.01 level (2-tailed). 
Source: Own construction 

 
It is not evident how to measure a higher education institution’s course-level service 
quality. With the intention to grab functional quality, we developed a scale on the basis 
of SERVQUAL methodology to measure student evaluations of the process of teaching. 
Our early results show that this approach may be appropriate for such evaluations, 
however, further modifications and tests are needed to improve the validity and 
reliability of the scale. Nevertheless, our results showed a good functional quality of our 
courses. 
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Abstract 
Machine to Machine communication and the smart solutions associated with it have been under 
focus in recent years, due to the fact that M2M smart solutions enable companies to offer new, 
enhanced, and more cost efficient services.  
 
With the rapid increase in the number of machine connections, it becomes more and more 
important for companies that want to maintain a competitive edge and countries that want to 
lead in technological development to adopt and develop M2M solutions and smart systems. 
The adoption of M2M solution mandates a number of prerequisites that include strategic, 
technical and socio-economic requirements. In order to understand these requirements better, 
there should be a thorough analysis of M2M components, characteristics, applications and value 
chain.  
 
This paper presents an evaluation framework, the ‘M2M Smart Systems Readiness Canvas’, 
that studies the different prerequisites needed on a national level in any country for the 
successful adoption of M2M smart solutions.  

 
1. Machine-to-Machine and Smart Systems 
 
Machine-to-Machine (M2M) Technology is  the concept of machines using network resources 
to communicate with remote application infrastructure for the purposes of monitoring and 
controlling the machine itself or its surroundings (ABI Research, 2010, p. 4). Rouse (Machine-
to-Machine, 2010) provides a broader dimension to the concept to include any “technology that 
enables networked devices to exchange information and perform actions without the manual 
assistance of humans.” 
 
According to an ABI Research (2010) sponsored by Cisco, mobile machine-to-machine (M2M) 
market is expected to grow globally from approximately 71 million connections in 2009 to 
roughly 225 million connections by 2014. 
 
In its simplest forms, any M2M communication has three components (See Figure 1):   
a) an M2M device, contained in an asset (a physical object or a person) to collect data or control 
the asset, which can either be stationary or moving.  
b) a gateway that links to a network and provides data communication (wired/wireless) between 
a device and a platform. This gateway can be integrated with the device. 
c) a platform (device) with computing software (applications and databases) to analyse the data 
and make decisions, e.g. a personal computer . 
(Rouse, 2010) (Crosby, 2013) (Umate, 2013) 
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Figure 1: M2M Key Components (Umate, 2013) 

 
The concepts of M2M and Internet of Things are often confused despite obvious differences 
between them when it comes to devices, precedence and social networking. The Internet of 
Things (IoT) is the network of physical objects accessed through the Internet. These objects 
contain embedded technology to interact with internal states or the external environment, 
changing how and where decisions are made, and who makes them (Cisco, 2014). M2M devices 
have embedded connectivity, while the Internet of Things tries to include all objects, even with 
no embedded connectivity within its network, e.g. using bar codes and RFID. M2M precedes 
IoT as a concept and therefore for the successful implementation of IoT, standardization and 
connectivity issues of M2M must be solved first, making IoT depending on M2M. Finally, 
moving all this connectivity to social networking platform gives a leap from M2M to IoT. 
(McLellan, 2013) (Zujewski B. , 2014) 
 
Machine-to-Machine (M2M) systems are the starting point for smart trends. Its successful 
implementation lays the ground to the development of the Internet of Things and to other 
“smart” concepts such as Smart Systems. Smart Systems are systems that provide real-time 
information based on inputs from machines, people, video streams, maps, newsfeeds, sensors, 
and more. They include hardware, software, network technologies and managed services. They 
integrate people, processes and knowledge thus enabling collective awareness, creativity and 
better decision making (Harbor Research, 2013). With the intersection and integration of M2M 
and smart systems, new ways of collaboration and intelligence will result. According to Harbor 
Research (2013), this introduces the concept of “Smart Business” which eventually will enable 
a truly connected world. (Harbor Research, 2013) 
  
2.  M2M Sector Areas 
The applications of Machine-to-Machine technology are many and fall into several areas. They 
can be categorized into nine sector areas, as follows: (Beecham Research Ltd., 2011) 
 
a. Buildings: composed of commercial and industrial segments, covering shops and 

supermarkets, office buildings and government departments and buildings housing factory 
processes. One example is the smart office. 

b. Energy: composed of tools for power generation and distribution for both traditional and 
renewable energy sources, power quality and energy management and tools for extraction 
and transportation of commodities. Major examples in this sector are smart grids, smart 
metering and Big Data analysis for energy production and consumption. 

c. Consumer & Home: composed of infrastructure tools such as wiring and networking, in 
addition to safety and entertainment tools, such as fire alarm, climate control, home 
security, etc. An example of this is the Smart Home. 

d. Healthcare: composed of tools for patient care in hospitals, clinic and homes, such as 
medical home monitoring systems and implants. But M2M applications in healthcare are 
not limited to patient care; it also includes research aid tools such as drug discovery and 
diagnostics. An example for this sector is Ambient Assisted Living. 

e. Industry: composed mainly of industrial asset monitoring and tracking that includes fluid 
management, distribution and resource automation. With the development of M2M 
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solutions in the industry sector, the world heads towards the fourth industrial revolution, or 
‘Industry 4.0’ where production becomes individualized. 

f. Transportation: composed of vehicle and non-vehicular telematics, navigation, tracking and 
recovery, in addition to transport systems covering passenger information services, pricing 
and parking schemes, etc. Most important examples in this sector are Car2X and V2G 

g. Retail: composed of tools for stores and distribution centers, in addition to hotels, 
restaurants, etc. The main example in this case is RFID. 

h. Security: covers tools for emergency services, surveillance, tracking and delivery, public 
infrastructure such as water and climate and finally military gear and equipment. (Beecham 
Research, 2013) 

i. Networks and IT: covers tools remote monitoring, public networks and for enterprise 
networks and office equipment such as printers and copiers. (Beecham Research Ltd., 2011) 
(Keßler, Bogenfeld, & Kurz, 2011) 

 

 
Figure 2: M2M Sector Areas (modified) (Beecham Research, 2013) 

 
3. M2M Value Chain & Environment 
 
In order to understand the basic requirements for the set-up and adoption of M2M technology 
and trends, it is essential to understand and analyze the M2M value chain and environment in 
order to evaluate the adoption readiness of the stakeholders involved. 
Through the analysis of several value chain examples from leading companies in M2M 
solutions, such as Vodafone  (Vodafone, 2013), Deutsche Telekom (Deutsche Telekom, 2013), 
Telit (Telit Wireless Solutions, 2013), Wyless (Wyless, 2013), etc., the most important 
components of an M2M value chain become obvious. Although the different value chains differ 
in size, labels, needs and core businesses, their integration provides the components: 
 

 
Figure 3: M2M Comprehensive Value Chain (own drawing) 

 
a. Hardware Providers: Device and module manufacturers produce and sell M2M devices, with 
built-in modules that enable connectivity, allowing machines, equipment, vehicles and devices 
to communicate over a network. The challenge is to provide devices that incorporate and cover 
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the wide range of needs for M2M communication such as physical robustness, energy 
efficiency, communication and network security and wired or wireless services. Hardware 
providers’ role extends to include providing Machine Identification Modules (resembling a SIM 
card, MIMs identify machines, equipment and devices in the Internet of Things), module 
management services and sometimes subscription management services. They also work to 
customize hardware to the needs of the customer application. (Telit, m2mAir, 2013) 
(Telecompaper, 2008) (ITR Manager, 2008) 
 
b. Connectivity Service Providers (CSPs): Mobile Network Operators (MNOs) and Mobile 
Virtual Network Operators (MVNOs) have taken the lead in trying to organize and rationalize 
the value chain to facilitate and simplify overall M2M development/deployment. Due to this, 
M2M connectivity providers’ role has been extended much further than mere connectivity. 
MNOs and MVNOs benefit significantly from the fact that they already own the existing 
technology needed for providing M2M services. 
CSPs offer SIM cards, M2M rates and billing services, quality, testing and IT security and 
finally, service level agreements (SLAs). They may contribute in, have partnership with or 
completely take over the role of the Application Enablement Platform (AEP) provider. 
(Viswanathan, 2012) (Telco 2.0 Research, 2011) (Deutsche Telekom, 2013) (Vodafone, 2013) 
(ABI Research, 2010) 
 
c. Software Providers: There are currently two main methods in the M2M market for software 
development: 
1. An Application Service Provider (ASP) designing M2M applications and customizing them 
for customers. It also offers a complete M2M platform and deals with different customers to 
enable M2M functionality as they require. 
2. Due to the fact that the technical details and network infrastructure deployed by CSPs directly 
impacts the capabilities of an ASP in such areas as rapid service creation, ensuring Quality of 
Service, and enabling granular management and diagnostic tools, a tight collaboration between 
CSPs and ASPs is needed. It might either be done through a partnership or CSPs incorporating 
software development in their business units (ABI Research, 2010). Deutsche Telekom and its 
M2M Developer Community have developed an M2M app store offering users the ability to 
browse and view the different Business-to-Business M2M solutions that Deutsche Telekom 
offers in different sectors, such as Automation, Government, Healthcare, Logistics, etc. 
(Deutsche Telekom, 2013) 
 
Regardless of the method used, the trend by both software providers and connectivity providers 
is to offer Software Development Kits (SDKs) and Development Platforms to everyone who 
wants to take a look or try to develop M2M applications and participate in the community. 
These kits include SIM card(s) with test duration, specific volume allowance, defined storage 
and defined network coverage, also possibly a module. (Developer Garden, 2013) 
 
d. System & Service Integration: System integrators and providers of additional integrated 
services for M2M solutions are also important members of the M2M value chain, even if their 
roles overlap with some of the members already discussed. 
System Integrators and external service providers deliver value to companies by enhancing 
business processes and integrating machine data into the enterprise. This is important because 
M2M projects are very large and complex in scope. Additionally, professional consulting and 
integration services, Big Data & Analytics tools and billing and payment services would be 
needed to complete an M2M solution. (Zujewski, 2013) (Yaacobi, 2013) (Deutsche Telekom, 
2013) (Vodafone, 2013) 
 
e. End Users: End users of M2M solutions can be businesses or individuals, taking different 
business models of B2B, B2B2C and B2C and ranging between the different M2M service 
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sectors. M2M implementation should ultimately provide end users with differentiation for their 
products or services. It should not only help them reduce costs, but give them the ability to 
transform their business and reinvent the user experience of their own customers. (Zujewski, 
2013) 
 
 
Value Chain Members originating from New M2M-specific Business Models 
 
f. M2M Application Enablement Platform (AEP) Providers 
 
M2M Enablement Platforms are “software systems designed to streamline M2M applications 
development across multiple verticals” (Dawson, 2012). A unified and holistic M2M 
Enablement Platform can help companies better monetize M2M through: 
1. transforming them into a one-stop shop for their M2M partners, with the flexibility to provide 
each partner with exactly what they need, from simple IP connectivity to more complex partner 
and device management. 
2. creating a richer network of ecosystem partners and delivering a superior experience to the 
end customer.  
3. accelerating time to market and M2M development with pre-integrated hardware, embedded 
application frameworks, network operators, and cloud applications and without any on-premise 
IT infrastructure. (Yaacobi, 2013) 
 
M2M Enablement Platform enables users to set the management rules for their M2M platform, 
allows for terminal management, remote automation, notification and user-defined fault 
handling strategy, includes tools for users’ subscription management and administrational 
operational management and finally uses data captured from devices to perform real-time 
analysis, generating reports and providing insights that can help optimize business management 
to eliminate extraneous costs and increase revenue. (SingTel Corporation, 2013) (Datang 
Corporation, 2013) 
 
g. End-to-End Solutions 
 
M2M solutions require consideration of the entire process chain, from the connection of devices 
to the integration into the IT infrastructure. For this purpose, it is necessary to understand the 
business processes, to take into account all the requirements and to choose the right components 
requiring the participation of several companies for a complete end-to-end solution. A single 
company usually offers services around its core business, and then works with partners for an 
integrated result. (SyroCon Consulting, 2013) 
A complete end-to-end M2M solution includes offering M2M modules with device 
management software, M2M connectivity, M2M data analysis and management, M2M 
applications, M2M integration framework and added services such as subscription and billing 
management. (Axeda Corporation, 2013) 
 
Environment surrounding the M2M Value Chain 
 
In addition to the elements of the M2M value chain, there are a few other players in the M2M 
ecosystem who do not have a direct input in the creation of value from M2M solutions, but do 
aid in the success of the entire ecosystem: 
 
1. Government and Regulatory Bodies: Local government and political unions can have an 
immense impact on the development and adoption of M2M Solutions. The role of such 
regulatory bodies is essential in solving issues such as numbering, identification codes, roaming 
rules, open source application development, etc. (ABI Research, 2010) (European Commission, 
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2013) (Robinson, 2013). There are many efforts on a European level, such as the European 
Telecommunications Standards Institute (ETSI) and on an international level, such as the Third 
Generation Project Partnership (3GPP) who have put tremendous efforts into M2M 
standardization. These cover architectural components, data exchange, products, services and 
sector-related standards. This helps in reducing the time, complexity and cost of developing and 
deploying new M2M solutions. (Keßler, Bogenfeld, & Kurz, 2011) (ETSI, 2012)  (Clarke, 
2012) 
 
2. Universities and Innovation and Research Centers: M2M projects can be found in a vast 
number of fields: architecture, construction, engineering, communications, cellular, medical and 
environmental (European Commission, 2013). Many efforts have been put to involve 
universities, professors and students and benefit from their young minds and innovative ideas. 
Research centers have helped understand the M2M technology, its feasibility and future outlook 
by offering forecast reports of the M2M market opportunities and qualitative issues shaping the 
market. (Beecham Research, 2013) (Machina Research, 2013) 
 
3. Companies whose core business falls within M2M service sectors: M2M applications extend 
among a wide range of service sectors, from retails to energy to healthcare, etc. In order to 
create successful M2M solutions that precisely fulfill customer requirements, it is crucial to 
involve companies from all these sectors when developing solutions.  
 
4. Manufactures of Machinery and Appliances: Manufactures of factory machinery, cars, and 
home appliances, for example, should have an understanding of the potential of M2M Solutions 
in order to embed the new and competitive features in their products.  

 
4. M2M Characteristics and Influential Factors for the implementation of M2M Smart 

Solutions 
 
Machine-to-Machine communication is characterized by a number of technical features such as 
real-time data, high data processing, small amounts of data transfer, need for high data security, 
confidentiality and integrity. Data shall be transmitted in some applications only when needed, 
in other cases it shall have continuous and regular connectivity and real-time data exchange. 
Therefore, it should allow for different connectivity modes such as Wi-Fi, GPRS, 3G, LTE, 
radio waves, etc. These features also require reliable hardware characterized by long battery 
life, device discovery, remote management and high endurance (Internet of Things - 
Architecture, 2011-2013) (Juniper Networks, 2011).  
 
Efforts to ensure standardization and compatibility are inevitable; to regulate how hardware 
modules, network and data exchange protocols and software platforms from different solutions 
will interact together. 
 
However, M2M characteristics are not limited to the technical features. As any innovative 
technology, its implementation entails a socio-economic change process, which should be 
implemented carefully to ensure a smooth adoption. It requires innovative business models and 
value chain roles, re-engineered business processes, new strategic alliances and partnerships and 
a holistic ecosystem that includes necessary infrastructure, partner companies, governmental 
initiatives or subsidies. This ecosystem will help strengthen efforts and alleviate financial 
burdens related to the implementation of M2M smart solutions. 
 
Thus, several factors influence the adoption and implementation of M2M smart solutions. They 
can be categorized mainly into technical, organizational and long-term planning and socio-
economic. This lays the basis for analyzing the M2M smart systems readiness. 
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5. M2M Smart Systems Readiness Canvas 
 
As enterprises always strive towards having a competitive advantage over other rivals in their 
sectors and constantly attempt to lower costs while increasing efficiency, there is an 
international tendency towards the adoption of M2M solutions towards the design of smart 
systems, e.g. smart metering for energy companies, remote monitoring for transport companies, 
etc. (Baburajan, 2014). However, a single company on its own in any given country cannot 
achieve any significant shift towards the adoption of M2M smart solutions without being 
supported by a country-wide effort; thus making it crucial to create a framework that aims 
towards understanding and evaluating a country’s position in this aspect.  

The Readiness Canvas for the adoption of M2M smart solutions is composed of three categories 
and should cover a number of questions about each category: 

 
Figure 4: M2M Smart Systems Readiness Canvas (own drawing) 

�
1. Strategic and Regulatory Readiness: 
This category deals with evaluating strategies and laws set by the ICT governmental 
institutions. It should answer the following questions: 
• Is M2M adoption and the shift towards Smart Systems part of the ICT governmental 

institution strategy? 
• Are there laws to regulate the exchange of data, to protect the security and integrity of 

information and at the same time ensures equal investment opportunities for large ICT 
companies and SMEs? If laws are not present, how long does it take to issue such laws and 
how complex is the process? 

• What standards exist for the development of M2M-specific hardware, software and to meet 
the connectivity needs? How are standards developed in alliance with other international 
standards? Is there a country-level standardization organization? Does the country belong 
to any regional or international standardization organization? 

• Are there research centers or university partnerships to support the research and 
development in the area of M2M-specific requirements and smart applications? 

 
 
2. Technical Readiness: 
This category deals with the ICT infrastructure of a country. It covers the following questions: 
• Is the country able to produce or import necessary equipment, devices and sensors for M2M 

smart solutions, with long battery life, high endurance and remote management features 
such as smart meters for electricity, water and gas, video monitors for surveillance, control 
systems for remote control, etc.? 
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• What kind of connectivity is available to connect devices together and ensure that data 
moves from where it is produced to where it is needed? For example, are there citywide Wi-
Fi networks, 3G/4G cellular networks? 

• Is it possible to develop M2M smart applications locally? Is it possible to create M2M 
platforms for the management of M2M smart solutions? If not, is outsourcing an option? 

• What standards exist to ensure compatibility and interoperability when it comes to 
hardware, software and connectivity methods? 

• What kinds of technologies, policies or practices exist to safeguard data, privacy and 
physical asset, e.g. are privacy rules published? Are cyber-security systems implemented? 

• How is data value and integrity preserved? How is it stored, protected and processed? 
• How is data analyzed? Are there data analysis centers? How are predictions and 

preventative actions made based on this data? What kind of servers is being used? 
• Are there any country-wide implemented systems that support that implementation of M2M 

smart solutions, e.g. GIS? (Smart Cities Council, 2013) 
 

3. Socio-economic Readiness: 
This category deals with people and economy factors, meaning companies that adopt M2M 
smart solutions and customers that use them. It should answer the following questions: 
• Does the government have adequate budget to allocate to the adoption, implementation and 

further development of M2M smart solutions? This can be done either through building 
specialized governmental institutions, by supporting local companies through subsidies or 
by outsourcing part of work to lower cost countries. 

• Are there companies in the country that cover the different roles along the M2M value 
chain? 

• Are companies and customers educated about the benefits of M2M and its several 
applications? 

• Do companies have the necessary qualifications and maturity to implement the technical 
and business aspects of M2M solutions? 

• Are companies willing to form strategic partnerships along the M2M value chain in order 
to offer complete end-to-end solutions to customers? 

• Are there any factors that would cause company staff to resist the change towards M2M 
solutions, for example is the company staff reluctant to cooperate and form strategic 
partnerships/ventures with other companies along the M2M value chain? 

• Are there any factors that would cause customers to resist the change towards M2M 
solutions, for example do they have unsolved security or privacy concerns? 

• Are there any social, economic or political factors that may contribute to the success or 
failure of the adoption of M2M smart solutions? 

 
6. Conclusion and Further Research 
 
With the world tendency towards the adoption of M2M smart solutions, more light should be 
shed on preparing the necessary prerequisites for this adoption. This applies to a wide range of 
organizations, including those who set nation-wide ICT strategies and regulations and build its 
ICT infrastructure, companies that offer services along the M2M value chain and that contribute 
in applications along the M2M service sectors and finally the customers of such applications.  
 
The proposed framework is conceptual and is still open for further research and improvements. 
It can be empirically applied to different countries who have already adopted smart systems. 
However, an interesting outlook into further research in this field is to apply this framework to a 
country like Palestine, where the political, social and economic difficulties might prove 
challenging for the adoption of such high technology and would require additional measures for 
its success. 
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Abstract: This contribution deals with a systematic design process in the early stage of the 
development of embedded systems. It takes the complexity of mechatronic Systems into 
account and enables the domains to start their development with a consolidated view on the 
product. The process also enables the integration and test activities to participate in this early 
stage as well.  
 
1. Introduction 
Today, many products become more complex regarding the integration and testing of mechanics 
(ME), electric hardware (HW) and software (SW) as well as their interfaces. Therefore, a 
structured method is needed to ensure overall understanding of the system by all stakeholders in 
a very early stage of product development. By dividing the system, it is easy to handle tasks in 
order to start the domain specific development. 
 
2. CONSENS 
CONSENS stands for CONceptural design Specification technique for the ENgineering of 
mechatronic systems. It is mainly applied to the upper left corner of the V-Model (Figure 1), 
during the Requirements Engineering process. The CONSENS technique can be recorded as a 
“card game” during a workshop with the main stakeholders or with MS Visio® or EA® plug-in 
for documentation purposes. 
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The idea behind CONSENS is to transfer the first product idea to a technical specification. 
Therefore, a systematical approach is described to develop specifications, requirements, use 
cases, system context and functions into a complex system architecture.  
 

a. System context 
The first step of CONSENS is to describe the system context as a black-box view of 
the system. All actors are placed in the model and connected to the corresponding 
system interfaces by a specific flow, such as material, energy, information or 
disturbances.  
The result is a complete system context diagram with a clear definition of the 
system boarders and system interfaces. Here, an analytic view of the environmental 
influence or impact on the system is given.  
 
b. Use cases 
The second step is to develop use cases [2] as a list of steps, typically defining 
interactions (from actors’ point of view) between an actor and a system, in order to 
achieve a specific goal. This is typically done in a modeling language such as 
SysML or UML, but a textual description is also very helpful to get a complete 
picture of the system. The entire product life-cycle shall be taken into account to 
ensure that the complete system behavior has been regarded. 
 
c. System specification 
The collection of the system specifications is the next step in the CONSENS 
technique. For documentation purposes a variety of tools is available. Yet, but for 
small projects a simple table might be sufficient, depending on standards and 
guidelines.  
The specifications shall be recorded in defined wording (Ref. SOPHISTen 
guideline for specification writing [3]) with testable values (including tolerances) 
and acceptance criteria. 
 
d. System architecture 
The system architecture is the last of the considered steps: a white-box view of the 
system describes its inner architecture. The same modeling language as for the 
system context is used to connect the system elements to the respective interfaces 
via the flows as described above. This model can then be hierarchized down to a 
detailed level required for each of the specific domains (HW, SW, ME). Thus, the 
specific development as well as the integration and test definition process can 
commence. 
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3. Test 
Once the basic system design has been defined, the right branch of the V-Model (Figure 2) has 
to be taken into account.  
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Here, verification and validation are the main key words: Verification answers the question 
“Have we developed the product right?”. Thus, the design and realization results are checked 
against the correct implementation of the requirements derived for the relevant level, but the 
intended use of the product is not taken into account explicitly.
 
On the other hand, validation answers the question “Have we developed the right product?”. 
Here, the development results are checked against the intended use and therefore, the customer 
requirements. Usually the customer’s acceptance criteria form the basis of the final validation. 
A typical test is always comprised of both elements with different emphases, since only one 
aspect alone is hardly ever possible. Yet, the validation part increases along the right branch of 
the V-Model. Thus, the component tests stage is dominated by the verification aspect, while the 
acceptance test usually is a nearly complete validation test. 

It is important to understand, that the V-Model is not to be taken as a chronological but as a 
logical sequence: Every stage of the left branch makes an equivalent level on the right branch 
necessary. Therefore, a test strategy has to be defined early in the project, describing in general 
how each level will be handled and which kind of tests will be performed. Possible approaches 
here are requirement based, experience based or functional tests, for example.  
 
Also at an early stage, templates for the documentation of the test specifications and test reports 
have to be defined. Level documents define a more detailed plan for each test level, including 
test criteria, the acceptance of which will be the final step within the test analysis at the end of 
each level. Further testing steps are: test specification, test execution, and test documentation. 
The specification defines the test sequence including the given inputs and expected outputs. 
Environmental conditions as well as pre- and post-conditions have to be taken into account and 
exit as well as acceptance criteria for each test have to be agreed on.  
 
This procedure is then performed during the test execution stage. All relevant environmental 
parameters as well as outputs are recorded. The execution ends, when the exit criteria have been 
met.  
The relevant outputs and all notable information are documented in the test documentation 
phase. Based on these documents it is checked, if the acceptance criteria for the test level have 
been met. 
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4. Results and Conclusion 
The consideration explained in this contribution is a well-used technique to enable a smart start of 
the development. The CONSENS technique can be extended by several steps in order to integrate 
e.g. security and safety issues, depending on the focus of the project.  
Experience shows that the higher effort made in the early stage of the project will be paid off by a 
faster development during the implementation phase and less changes throughout the entire project 
phase. 
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Abstract: This paper introduces various partitioning and mapping approaches in terms of model 
based embedded multicore system engineering and further discusses benefits and key 
performance indicators. Various industrial applications have been tested and developed among 
the AMALTHEA platform. Evaluations show that such applications improve significantly 
according to performance, energy efficiency, meeting timing constraints and covering 
maintaining issues. Furthermore, the model based design features an open, expandable, platform 
independent and scalable exchange format between OEMs, suppliers and developers on 
different levels. Our proposed mechanisms provide meaningful multicore system utilization 
since load balancing by means of partitioning and mapping is effectively performed with regard 
to the modeled systems including hardware, software, operating system, scheduling, constraints, 
configuration and more information. In addition three different types of multi-os architectures 
are introduced, followed by the description of the multi-os architecture, which was implemented 
in the AMALTHEA project. 
 
 
1. Introduction 
 
Increasing demands of assistant systems, safety issues, computational power, energy efficiency, 
AUTOSAR, product-line engineering or further requirements call for the need of multicore 
systems in the automotive and embedded system domain. To facilitate this process, there are 
known methods in order to distribute and map applications to a distributed or multicore system. 
However, most methodologies and environments lack in automatic, consistent and traceable 
processes as well as in comprehensive modularity and scalability. Our approaches are integrated 
to the AMALTHEA platform and meet most common requirements especially according to 
parallelism and program distribution in terms of model based design, representing program code 
in form of various abstract semantics. 
AMALTHEA is an ITEA 2 funded project, which is developing an open and expandable tool 
platform for automotive embedded-system engineering based on model-driven methodology. 
Key features include the support for multi-core systems combined with AUTOSAR 
compatibility and product-line engineering. The resulting tool platform is distributed under an 
Eclipse Public License. 
The AMALTHEA Tool Platform covers all activities for developing embedded software for 
multicore systems. During the requirements engineering (RE) phase, the requirements of the 
multicore system are gathered in an informal way. In variability modeling (VM), the software 
and hardware variability is defined. Architectural modeling (AM) focuses on the identification 
and representation of components and their interconnections. The behavior of each component 
is specified in behavioral and functional modeling (BM, FM), different modeling techniques can 
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be applied depending on the nature of the component (e.g., Matlab Simulink, Statecharts, or 
plain C code). For these modeling activities and further configuration or specification all 
AMALTHEA data and information is stored within a model environment in order to provide a 
common and standardized basis among suppliers, OEMs and developers. Such models include 
software, hardware, stimulation, constraints, operating system, mapping, components, 
properties and events [1]. Besides the models and activities, the AMALTHEA platform further 
provides various features, integrated tools and interfaces to external tooling like the TA 
toolsuite [2], Damos [3], ETAS ASCET [4], Bosch TaskProc [5], AUTOSAR / ARTOP [6], 
EAST-ADL / EATOP [7], Matlab Simulink [8], Yakindu Traceability and Yakindu Como [9]. 
Integrated tools are ProR [10], Yakindu SCT [9] and the Variant Modeler and the integrated 
features concern transformations (from Damos, Como…), tracing, target mapping and both the 
partitioning and mapping features, that are described in the course of this paper. In addition a  
multi-os architecture has been set up for an AMALTHEA demonstrator. Therefore three types 
of multi-os architectures will be presented. Followed by the introduction of the ERIKA 
Enterprise multi-os architecture, that was implemented in the AMALTHEA project. Further 
information about AMALTHEA specific models, tools, features and activities are given in [11]. 
 
The paper is structured as follows. The next section reveals related work with regard to 
partitioning and mapping in context of model-based software engineering for embedded 
multicore systems. Afterwards, Sections 3 and 4 will describe the implemented partitioning and 
mapping features and algorithms. An analysis of multi-os architectures, which among others are 
utilized on the target hardware platform, is given in Section 5. Section 6 evaluates the proposed 
methodologies and discusses their advantages and benefits, along with key performance 
indicators. Finally, Section 7 closes this work and proposes possible future directions. 
  
2. Related work 
 
Over the years, several strategies for partitioning and mapping (embedded) software have been 
developed.  
In [12] a simulation methodology for embedded realtime and cyber physical systems is 
introduced, which focuses on timing behavior as well as the combination of architecture 
properties and requirements. Each domain can be represented with specific computation models 
and recent work is addressing the multicore migration topic by means of specific algorithms.  
Recent research featuring Augmented Hierarchical Task Graphs and several optimization 
techniques e.g. genetic algorithms and integer linear programming, has been described by 
Cordes in [17]. The author describes a parallelization framework, which integrates these 
techniques in order to perform an automated partitioning and mapping of software to 
heterogeneous hardware. 
 
3. Partitioning 
 
A Partitioning process in context of directed acyclic graphs (DAG), which occur in most 
computing applications as computation DAGs or task graphs, influences system performance. 
The more efficient the partitioning process forms computation sets distributed among 
computation units i.e. processors, the more the system benefits from time issues, energy 
demands or resource utilization in order to facilitate high performance real time applications. 
These aspects are common topics of interest in almost all areas of science and technology. 
 
Forming computation sets mostly concerns the division of processes into subprocesses whereas 
each subprocess, mostly denoted as a node, consists of computational load [13]. A node often 
reveals directed communication with one or multiple other nodes, such that directed edges 
between them denote dependency. Having multiple nodes and various dependencies a directed 
graph can be derived. Since the partitioning approach considers parallel balanced sets for single 

Proceedings of the Dortmund International Research Conference 2014

90



�
�

activations with respect to the topological order of the nodes, that directed graph has be 
transformed to be acyclic (DAG).  
In terms of graph theoretical computing, partitioning such DAGs comes with a wide rage of 
problems and methodologies, spread across a variety of applications. Although many tools and 
algorithms have been developed for such purposes in the past decades, they are not fully 
applicable to embedded realtime systems due to their desktop-computer- or high performance 
focus.  
A common problem is preserving the given orders of nodes. For single core platforms this is 
accomplished by assigning nodes to the processor with regard to the node’s deadline (e.g. 
earliest deadline first). Such methods automatically preserve correct ordering of nodes such that 
no node is ever executed before its preceding nodes finished their calculation. According to 
multicore platforms, these methods must be significantly extended in order to preserve partial 
and total orders. Apart from approaches like logical- [14] or vector-clocks [15], that ensure 
these orders, but do not address the efficient assignments of nodes to processors, the partitioning 
approach in this paper addresses both, forming balanced node sets with minimal sequential 
runtime and minimal communication among different sets and the preserving of partial and total 
orders with embedded realtime system focus. For this purpose, periodic functions are modeled 
in separate tasks, such that any task only contains nodes with the same activation rate. Further, 
closely related functions are merged into one task to prevent unnecessary system overhead 
(context switches, data passing,…) via considering the critical path (CP), that provides the 
lower bound on the total time to execute a complete DAG [18]. Further tasks never exceed the 
CP’s execution, or cause the CP to wait on input data (LGP = Local Graph Partitioning). 
Alternatively, an earliest deadline first (EDF) approach can be used, that considers node’s 
deadlines only. Additionally, independent graphs can be identified and assigned to separate 
tasks.  
Since several preliminary steps need to be performed before the actual partitioning can be 
executed, the following figure 1 outlines the activation analysis, label analysis, cycle 
elimination and the partitioning approaches denoted as graph analysis.  
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The label analysis features the identification of dependencies and the cycle elimination provides 
DAGs for the partitioning approaches. The cycle elimination features two important aspects, 
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since it is able to eliminate 
the lowest possible amount 
of dependencies on the one 
hand and to identify 
dependencies, which feature 
optimal resulting graph 
structures for parallelization 
on the other hand. �
Two more features are 
implemented within the 
partitioning methodology, 
which concern the graph 
visualization with the help 
of Jgraph [16] applets and 
the generation of more 
flexible graph 
representation models, that 
can be used within the TA 
Toolsuite [2] in order to 
further analyze and 
optimize the models with the commercial tools.  
Since the partitioning approaches have been integrated to the AMALTHEA tool Platform, each 
previously described features and methodologies can be configured via the partitioning 
preferences within the platform. 
The partitioning approaches require various calculations among the graphs, in order to gain 
information about deadlines and partial orders. DAG information is defined via the span, that is 
the length of the critical path and via the work, that is the sum of the node’s execution cycles 
(instructions). The partitioning’s result can be evaluated with regard to its parallelism, that is 
the sequential runtime divided by the parallel runtime, and the slackness, that is the factor by 
which the parallelism exceed the number of processors in the system [18]. However, Amdahl’s 
law, that defines the speedup of a system via 
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is still valid here and also used for assessing the partitioning’s effectiveness. Since the LGP 
approach always considers the critical path as the most cost intensive task and creates tasks 
among the branches of the graph, it always creates ideal system partitions so that the best 
parallelism is created. However, since the EDF approach features a task number restriction and 
thereby has to go with losses, it is still able to create partitions that feature the best slackness 
factors. An example DAG with the corresponding Gantt chart partitions is given in figure 2. The 
figure outlines, that the LGP approach provides a greater load balance among partitions since 
total execution time can be reduced by one time frame compared with the EDF approach with 
three tasks. The EDF approach for two tasks features an optimal load balance among the two 
partitions. 
 
4. Mapping 
 
One of the essential and most complex steps during embedded multi-core system development 
is the mapping (or allocation) of software elements to components of the hardware platform, 
e.g. tasks to cores. Tasks of a software, for instance, should be allocated in a manner, that 
allows a concurrent execution on mutli-core platforms, in order to actually benefit from the 
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advantages of the multi-core platform. Moreover, additional constraints, such as meeting 
deadlines or avoiding concurrent access to shared (and limited) resources, have to be satisfied. 
Hence, as we can see, the goals of the mapping process can be described as finding an efficient 
and valid allocation of software elements to hardware components. The problem of finding such 
a mapping is called mapping problem [Foster1995] and known to be NP-hard. 
The mapping problem consists of a variety of decisions. Apart from allocating tasks, data has to 
be mapped on the different types of memory, which can be located on a hardware platform or 
are attached to it. Conversely, a valid allocation can only be performed in consideration of a 
platform's data paths, since the communications and data accesses of tasks need access to the 
corresponding memories or cores. Besides the definition of allocations, the ordering of tasks is 
another very important step during the mapping process, which ideally minimizes the total 
execution time as well as opportunities for mutual exclusions and ensures the compliance of 
deadlines. 
Several strategies for mapping software to hardware exist. Historically, the first specifications 
of allocations were done manually, e.g. by developers, who ideally followed guidelines that aim 
for efficient allocations [Foster, Gomaa]. The lack of computer aid however makes this strategy 
very error-prone. API’s, such as OpenMP [tbd] and MPI [tbd] provide a possibility for a 
parallelization and mapping of applications by modifying their source code, require however 
experienced developers in order to gain a fault-proof and efficient parallelization. Mathematical 
programing (or mathematical optimization) aims at determining an optimal value for a function 
or variable, i.e. its objective function. This usually formulates a specific criterion of the 
embedded system, e.g. its energy consumption [tbd] or total execution time [tbd], in terms of a 
mathematical model, which is categorized with regard to its structure and constraints into e.g. 
integer linear programing (ILP). While this methods will determine, if existing, the optimal 
allocations, they also may take hours or even days for very complex systems.  A more efficient 
approach to solve optimization problems is achieved by using heuristic algorithms.  
 
The mapping approach implements both, heuristic as well as mathematical programming based 
mapping strategies, which are selected depending on the input models nature. This allows to 
balance between the accuracy of the resulting mapping and the required resources (i.e. 
computation time). Moreover, algorithms for optimizing towards different goals (optimization 
criteria) are implemented. A comparatively simple ILP based strategy for minimizing the total 
execution time is implemented in terms of a load balancing algorithm. The method bases on the 
well-known machine scheduling problem [tbd] and supports multiple heterogeneous processors 
with different execution times. The concrete execution time coste,c of a task for a specific 
processor can be determined trivially using the following equations 
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with e being the set of a tasks runnables and c being the set of a platforms cores, INSe 
representing the number of instruction of a executable software e, IPCc the core's c instructions 
per processor cycle, and PSc as well as fc the prescaler (scale) of the frequency resp. the 
frequency the core operates at. 
Additionally, the mapping approach features an energy minimization mapping strategy [tbd], 
which performs task assignment to cores, task ordering and the selection of optimal voltage 
each executed task, without harming any deadlines. This strategy is a two-phased approach: In 
the first phase, and EDF (single core) or priority based (multi core) approach is utilized to order 
and allocate the tasks. The goal of this step is to reveal so called slacks between the tasks, which 
are used in slowing down the application without harming any deadlines. In the second phase, 
an ILP based model is used to perform the voltage minimization, i.e. the expansion of the 
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applications runtime at the benefit of minimizing the total consumed power. The time limit of 
the application is usually given by deadlines or its period (in periodical applications).  
 
5. Multi-OS Architectures 
 
As a part of the AMALTHEA project, different “Multi-Operating System Architectures” 
(MOA) have been analyzed in the context of automotive multicore systems. The general 
feasibility, conditions and requirements were the focus of this analysis. After a research of the 
three different existing types, a fourth MOA has been implemented on a asymmetric dual-core 
processor, the Freescale MPC5668G. 
The general feasibility of such a system depends on different factors. For example there should 
not be a big amount of virtualization, due to memory requirements. Virtual systems do have 
always a higher demand of memory space than native systems. The memory access has to be 
secure, but should not cause a deadlock. Due to this criteria and the criteria that are described in 
the next passage, it is possible to get a pareto-optimal solution. That means that the different 
criteria depend on each other. For example, a dynamic highly virtualized system will not meet 
real-time requirements. And on the other hand an embedded real-time system can not have a 
high virtualization. 
There are several requirements necessary to realize a MOA, which meets real-time 
characteristics. Virtualized systems initially are not designed for embedded systems, but for the 
server- and desktop-market. To reduce performance losses, the system should only contain 
minimal visualization. It is possible to use paravirtualization techniques to minimize the 
visualization overhead. A high-level virtualization uses a high amount of its sources for the 
visualization instead of the actual application. Additionally the code adaption of the operating 
system should be as low as possible. Otherwise incompatibility may occur faster in case of an 
update. Furthermore code adaptions can affect the timing behavior of the OS (Operating 
System). Moreover the independent restart of an OS is another significant point. In case of a  
failure in one OS the other OS should not have to restart. Memory protection between different 
OSes is another requirement. An illegal access to parts of the memory, that are not of the acting 
OS should not be possible. A mutual exclusion between shared memory must be given, 
otherwise access conflicts occur. Due to real-time capability the MOA should not have time-
consuming administrative functions between the different OSes.  Finally the number of 
simultaneously running guest OSes is an essential factor. Different implementation methods are 
able to realize various OSes on one Hardware. [20, 22] In the AMALTHEA project the 
Freescale MPC5668G has been selected to support two OSes, due to its two different cores. 
In [20], three types of MOA are described. All of these types have their individual emphases. 
Below, these three types will be described and an example will be given for each of the types. A 
closer consideration can be found in [21]. Type 1 is realized by using a VMM (Virtual Mashine 
Manager), such as Xen and VMWare Server. The VMM hosts a VM (Virtual Mashine) for each 
OS, where the OS or even more OSes can run on. In this approach all the OSes run as a guest 
OS. There is no host OS. Inter-OS-Communication (IOSC), memory protection as well as 
mechanism for a shared use of the periphery are delivered by the VMM. An example for Type 1 
is DynOS SPUMONE [19]. On a MOA of Type 2 the guest OS is running as a process on the 
host OS. This type can be implemented by a paravirtualized guest OS or the hardware will be 
completely virtualized by an emulator (e.g. QEUMU) on the host OS. L4Linux and Wombat are 
typical GPOS (general purpose operating system) and RT-Linus and Linux on ITRON [23] are 
typical RTOS (real time operating system) for a paravirtualized version. The host system 
provides mechanisms for shared use of the periphery as well as IOSC.[20] Finally, with Type 3 
there is a hardware near approach. Each OS can use all the resources of one CPU, since it is 
assigned to one defined core. There is no virtualization between the OSes, that is why all the 
processes of an OS are independent. There is one host OS that delivers mechanisms for shared 
periphery usage. Memory protection is hard to realize in this approach, due to the fact that the 
OSes operate in privileged mode. An example for this type is SIGMA System [20]. 
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The AMALTHEA-MOA uses two instances of ERIKA Enterprise as RTOS, one on each core. 
The two instances of this open-source OSEK (“Open Systems and their Interfaces for the 
Electronics in Motor Vehicles”-specification) real-time OS were implemented for different 
purposes. One instance as calculation core, the other one as I/O core. This approach differs in 
comparison to the types introduced before (see Figure 2). As Type 1 and Type 2 need code 
adaptions, Type 3 and the ERIKA approach do not need an extensive modification. Due to the 
hardware near approaches, Type 3 and the ERIKA-MOA do not have a huge amount of 
performance losses as Type 1 and Type 2 have. An independent restart of an OS is possible for 
Type 1 due its high visualization. With two instances of ERIKA, it depends on the hardware if a 
support of an independent restart by each core is given. The ERIKA approach supports a limited 
memory protection, as Type 2 does, due to statical partitioning. The shared memory of the 
system is not protected. Type 3 has no memory protection and Type 1 has a high degree of 
memory protection due to the virtualization. However, architectures of Type 1 and Type 2 are 
not able to meet real-time capability, caused by the virtualization. Whereas ERIKA and Type 3 
meet the real-time capability due to the hardware near implementation. Type 1 and Type 2 have 
the ability of unlimited guest OSes, where Type 3 and the ERIKA approach are limited. For a 
detailed study and the implementation of the ERIKA-MOA see [21]. 
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As already mentioned, the RTOS instances on the implemented architecture are separated. 
There is a communication core and a calculation core. This has the advantage, that there is no 
communication overhead while calculating. Furthermore, the hardware can be used optimal. For 
example, the calculation core has a FPU (Floating Point Unit) for faster floating point 
calculation. An unlimited number of OSes is not possible for the AMALTHEA approach, due to 
renunciation of large visualization layers to keep the real-time behavior of the system. In the 
direct comparison to the three described MOA, the implemented ERIKA-MOA is preferred, 
when real-time capability and automotive support (ERIKA is OSEK certified) is needed. 
 
6. Evaluation 
 
During the last years the power of innovation and the customer claims of the automotive sector 
diverted more and more towards integrated electronic systems. This development can be seen at 
security systems, but also in the field of comfort systems. The customer wishes for cars, which 
contain the best technological functionalities grow continuously. 
Numerous sensors and technical developments open a wide range of possibilities for further 
ameliorations. The customer’s behavior changes in the same way. The all-day used 
communication devices, such as cell-phones, have to be integrated into the car. More and more, 
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the customers are willing to spend money for such functionalities.  On the one hand, this creates 
a high potential for all car manufacturers to gain new clients and to bond new ones. On the other 
hand there are also risks in the development of electronic systems. They can be seen by moving 
the focus towards the product construction process of the manufacturers and their suppliers.  
They have to deliver a product under aggravate conditions. The three objectives cost, quality 
and time have to be fulfilled as good as possible. Therefore, it has to be looked for new ways, 
methods and tools, which enable the manufacturers and suppliers to make their actions more 
efficient. In the case of software development for the automotive branch, the usage of a 
hardware-platform for multicore systems has to be considered as well as a new way to develop 
software for such multicore systems in an appropriate way. The goal is, to create a tool platform 
for developing software, which leads towards a collaborative, more efficient process. The goal 
of evaluating the tool platform is, to show in which ways the development of software for 
multicore systems can be improved and how this can be done. 
Within this consideration, the meaning of the word efficiency has to be seen as relative. Every 
single company has got different processes, methods and tools, which are used to develop 
software. By analyzing the actual state it was recognized, that the expectations are also different 
concerning an efficient working with the tool platform. Moreover the use of the AMALTHEA 
tool platform means also a paradigm shift form a single core architecture to a multicore 
architecture. 
This paradigm shift has to be taken into account to objectively evaluate the potential of the tool 
platform. In order to find Key Performance Indicators (KPI), which do not neglect this fact, 
there cannot be used predefined standard KPIs. Furthermore, a combination of evaluation 
methods is necessary, to get Indicators, which match with the specific goals. 
 
It was useful for the further examinations to draw on the Balanced-Scorecard-Approach. In 
combination with the CMMI-Model a good-practice-approach can be reached, that enables the 
evaluation of the efficiency by using a set of KPIs without forgetting the specific perspectives 
of every single company. During the project work with the partner companies it was put outside 
that a classification of the set of KPIs has to be done into quantitative and qualitative measures. 
At a later time, this separation helps to guess the expenditure for future projects. 
 
The following table shows shortly all the identified KPIs in dependence to the companies and 
their prevailing conditions. 
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To summarize the contemplation it can be recorded, that the involved companies expect 
improvements for all objectives of the magic triangle. Usually, a tool for improving the 
development process for software engineering has effort in one of the three objectives cost, time 
and quality. But by using the AMALTHEA tool platform it is possible to improve the three 
objectives simultaneously. At the present point of time, the tool platform was not in use for 
daily work, so measures wouldn’t have been meaningful. Rather an educated guess of the 
involved, experienced people offers itself.  
In particular, a reduction of the turn-around-time is estimated at about 50% concerning the first 
iteration. All following iterations could be reduced even more efficient, because the setup time 
has just to be included at the first iteration.     
Concerning the system spoilage, it should possible to detect and remove timing errors for 
example during ca. 10 minutes, where formerly 3-4 hours were necessary. This results from the 
possibility to integrate various tools from different suppliers, which automate the formerly 
manual effort. 
To prove the educated guesses it is necessary for the future development to take measurements, 
when the tool platform is used in a daily modality. 
 
7. Conclusion 
 
This paper has presented the AMALTHEA tool platform with focus on partitioning and 
mapping as well as its benefits in developing automotive embedded systems. For this purpose, 
we have discussed EDF and LGP based partitioning techniques for DAGs, which are used for 
solving the task partitioning problems. With regard to mapping, ILP based methods have been 
presented, which provide an optimal mapping generations towards a specific goals, e.g. energy 
efficiency. Moreover, KPIs have been derived, which allow a measurement of the AMALTHEA 
tool platforms efficiency in comparison to existing development approaches. Furthermore an 
introduction to three different types of MOAs has been given, followed by the description of the 
MOA that was implemented in the AMALTHEA project. Afterwards an evaluation of the four 
MOAs has been presented. 
In future work, we expect to extend the partitioning and mapping methods and offer multiple 
optimization objectives, e.g. memory utilization. Furthermore, measurements based on daily 
modality will be performed to show the precise gain of the AMALTHEA tool platform and in 
order to reveal further optimization potential. 
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Abstract: This project deals with the development and realisation of a concept to authenticate 
participants in a distributed communication environment by the use of QR (Quick Response) 
Codes as visual identifiers. In this context all tools will be provided and a complete 
infrastructure will be build up. Basically one tool creates the QR Codes, another tool is an 
Android app for reading and processing them. The infrastructure is based on a client-server 
model. In fact the verification of the participants is done by two separate identifiers (two-factor 
authentication) on the server side [1]. 
 
 
1. Introduction 
 
Nowadays the main problem of the initial operation of new hardware in an established 
environment is the complexity. The user must deal with different and confusing menu structures 
or has to enter usernames, passwords or hardware identifiers e.g. IP addresses. This procedure 
wastes time and is very error-prone [2]. It has to be clarified if it is possible to simplify the 
interactions between user and device and also between the devices directly. The concept 
introduces a possibility for a faster and easier authentication to allow an efficient bringing into 
service.  
 
When a new device is added to an infrastructure, it is unknown to the already active devices and 
has to be authenticated first. This is done by the use of mobile tags, in this case a QR Code and 
an Android smartphone with an integrated camera. Technically the authentication is initialised 
on the smartphone, but the logic is implemented on a dedicated server which provides the 
device-specific information.  
The motivation is the development of a complete client-server infrastructure to demonstrate the 
authentication based on a mobile tag. Other approaches are demonstrated to unify the 
cooperation of different systems (interoperability). 
 
 
2. Basics 
 
As mentioned before the authentication is done by the use of mobile tags. Tagging is defined as 
adding additional information (metadata) to an object. The common term mobile tag is 
essentially characterised by the business-to-consumer (B2C) market in the commercial 
environment e.g. in magazines or on billboards. The capturing of mobile tags can be done either 
by touching – e.g. radio-frequency identification (RFID) or Near Field Communication (NFC) – 
or by visual detection within a distance up to several meters (e.g. barcodes). The inclusion of a 
smartphone is a machine-to-machine interaction (M2M), therefore several steps in the human-
to-machine interaction (H2M) are dropped [2]. This way the complete procedure is reduced to 
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fewer steps and the user is reaching the goal quickly. Mobile tags are optimised for machine 
readability and are faster to process in this way. This is one of the many reasons why mobile 
tags have been established in the society in a short time. 
 
In this concept the mobile tag contains an identification number that is uniquely assigned to a 
device. One part of it is the Universally Unique Identifier (UUID), which is a common standard 
in the software development [3]. An UUID does not contain any information about the object. 
This information has to be requested from a dedicated server. For the immediate and correct 
order of processing of the captured mobile tag, additional metadata is inserted at the head of the 
content. Otherwise a permanent connection to the server is necessary 
 
The realisation is exemplarily applied to a predefined distributed infrastructure based on an 
energy information and facility management system that is basically installed in private homes 
or small and medium-size businesses. Every building shall be equipped with an inhouse-
controller which captures and processes data from connected metering devices. The inhouse-
controllers as well as the devices have to be deployed in the roll-out. Depending on the size of 
the scenario, a large number of devices must be prepared for the initial operation. 
 Another important instance is the dedicated server which is remotely connected. The server can 
communicate with any inhouse-controllers. The essential task of the server is to provide and 
evaluate data within the energy information system. 
 
 
3. Realisation 
 
The realisation is subdivided into four modules. Their implementation has been done in Java 7 
and Android. 
 
Module 1 is the dedicated server that provides the database with the device-specific information 
for authentication. Therefore the IP address of the server has to be static and known to every 
device within the communication environment. Module 2 is an application to create QR Codes. 
The content is saved to the server at creation. An implemented feature is a function to create 
Design QR Codes that contain a logo in the centre of the QR Code which allows an individual 
design. The output format of the created QR Codes are images, which can be printed out and 
placed on the related objects. Module 3 is a smartphone app. The main task of the app is to 
capture the QR Codes and send the data to the dedicated server for processing. It was developed 
for Android, but porting to other platforms like Windows Mobile Phone or iOS is possible, 
because the applied libraries have already been ported [4] [5]. Module 4 is the device with a 
placed mobile tag to demonstrate the authentication procedure and serves as an example. 
 
In the exemplary realisation the communication with the server takes place by a simple request 
response sequence protocol based on the Knock Knock example of Oracle [6]. In a productive 
operation a more reliable protocol like Remote Method Invocation (RMI) or Web services 
should be applied. 
The transmission of sensible data is anonymised by the use of Secure Hash Algorithm (SHA-
256). This becomes possible by generating the checksums of the data on the server side and the 
simple match of the values. 
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4. Two-factor authentication 
 
The main feature of this concept is the two-factor authentication, which is realised by two 
separate identifiers called Activation Code and Device ID. 
The Activation Code is a component that authenticates the user and can be delivered by a 
separate transmission path to him, e.g. by mail or over a web-based user interface. On the other 
hand the Device ID is already placed on the device at arrival. It is assigned to a device by a 
unique identifier. This can be the MAC address of the network interface. Unfortunately this is 
not recommended, because the MAC address is easy to manipulate. Because of this reason an 
additional identifier was directly integrated into the file system of the device (embedded system, 
e.g. inhouse-controller). For security reasons the whole device has to be secured against any 
kind of physical manipulation. 
 
The developed authentication procedure of a new device is described as follows (fig. 1): 
At the first launch of a new device (inhouse-controller), it is initialising the communication to 
the dedicated server (Request 1). Although the device is known to the server the communication 
will be blocked (Response 1), because it can’t be assigned to a user. In other words, it is 
unknown where the device is. Both QR Codes separately do not permit a clear assignment in the 
infrastructure. When they are captured by the app on the smartphone and processed by the 
server (Request 2, Response 2) the unique assignment is possible. The next time the device is 
sending a periodic request to the server, it will be responded (Request 1, Response 1). 
 

Server w/ DB

Smartphone

Request 1
Response 1

Request 2
Response 2

User

Device ID

Activation Code

Device

 
Figure 1: Two-step authentication of a new device 

 
 
5. Results and Conclusion 
 
The approach introduced for the authentication of a new device by a mobile tag, smartphone 
and dedicated server can be considered as evaluated successfully. A complete infrastructure was 
realised for a demonstration consisting of several tools for creating QR Codes, an Android app 
for capturing and processing the mobile tags, an exemplary device for authentication as well as 
the dedicated server, which provided the necessary procedures. Moreover all required protocols 
for communication between the involved actors were implemented. 
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The main advantage is that the allocation takes finally place at the users’ operation site. This 
results in the possibility of a faster process of multiple users in the transaction chain at the 
company side at the beginning of the collaboration. 
 
The possible field of application for mobile tags is almost unlimited. Indeed the use of common 
bar codes would also be sufficient for authentication. Unfortunately they are not up to date, 
because of less data density and several features like integrated error correction. Moreover the 
QR Codes can be customised and are easier to recognise by the user because of their distinctive 
appearance. 
 
Finally the approach has still great potential for extensions. For example the entire system can 
be further extended to a standardised procedure to connect devices across systems regarding a 
better interoperability. 
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Abstract: Due to the development of traditional energy supply to a smart grid, modern energy 
information systems have gained importance. The number of smart meters for gas, water and 
electricity is growing rapidly to provide for a reliable control of the system. The next challenge 
is to structure, analyze and illustrate the large amount of collected data. In this work a concept is 
presented for filtering and converting the measured data. The other key point is the web-based 
user interface for setting filter parameters and visualization and processing of data for further 
analysis. 

1 Introduction 

The aggregation of producers and consumers in a Smart Grid from single buildings up to a vir-
tual power plant requires a detailed measurement data logging, which can quickly evolve to Big 
Data and needs to be well organized. To achieve better memory usage and latency in a data 
management system, the data has to be structured, managed and evaluated. In the next step this 
data has to be made as comprehensible as possible for the user. It needs to be reduced to the re-
quired information and customized according to requirements (e.g. due to conversion or sort-
ing). The visualization of the results via charts provides further insight. 

In this work a data analysis concept is presented, based on results of [1]. This concept includes a 
web application for data-processing and data-visualizing. The proposed system is characterized 
by its modular and flexible structure. The modules are connected through abstract interfaces. 
Thus, the possibility is given to connect different data systems to the same visualization module 
without any or little effort. The logic for the data access and the processing of the output data 
must be re-implemented in any case. However, a number of provided methods should simplify 
the implementation process. 

2 Requirements 

The application has to be available for the analysis of data from different data sources, without 
implementing the whole project again. The filter functions of the GUI have to be dynamically 
adapted to the analysis requirements. The filter layout is implemented by the interface. The fil-
ter parameters, data access and conversion operations shall be carried out in a separate unit and 
communicated to the visualizing unit at the runtime. In other words, the application has to be 
implemented according to the Model-View-Controller (MVC) principle. 
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3 System architecture 

The aim is to develop a system which can be used with a minimum of effort for any data source. 
To avoid a critical load, it is best practice to manage both the database and the application in a 
local network (see figure). If the original layout is used, the data can be created in two ways: 
The dumps of the original database system are imported locally (e.g. using SQL commands). 
This can be done automatically or manually. The other possibility is to perform the data syn-
chronization "on the fly", using synchronization tools, such as IBM Web Sphere [2]. If the data 
layout needs to be remodeled, an additional instance is established to convert the data into the 
desired layout. 

 

 
system architecture 

4 Management and delivery of the output data 

The functionality for data management and providing the output data is described here. 

User administration: The application is multitenant. That means that several users can use the 
application at the same time with a customized data access for each user. During the registration 
process, the user and password input is compared to internal entries (such as a database table). 
After a successful log-in, the functionality and filter functions are available depending on the 
active user. 

Definition of the filter parameters: First, the filter parameters must be defined in order to give 
the user the ability to restrict the data according to his needs and convert data using defined 
conversion rules. The filter criteria such as time period, time resolution, device profile (which 
includes the parameters calculation method, medium, unit and group assignment) can be speci-
fied. The definitions of the filter parameters and the associated selection elements are provided 
in form of Java objects in the GUI and can be extended or adapted dynamically. 

Determination and format of the output time stamps: Before accessing and calculating data 
a time stamp list in UNIX format has to be created. Afterwards, an output value is assigned for 
each time stamp. The first time stamp is equal to the set start time and the last time stamp is 
equal to the set end time. All other time stamps are between these two. Each of them is accord-
ing to the first millisecond within the set time resolution section. Example: 
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Set start time: 1359862608 (3-Jan-2013 04:36:48), set end time: 1362408452 (4-Mar-2013 
15:47:32), set resolution: month, returned output times: 
Timestamp:  1359862608 (3-Jan-2013 04:36:48) 
Timestamp:  1359673200 (1-Feb-2013 00:00:00) 
Timestamp:  1362092400 (1-Mar-2013 00:00:00) 
Timestamp:  1362408452 (4-Mar-2013 15:47:32) 

The obtained time stamps have to be formatted for output (x-axis labeling). The aim here is to 
get as short a string as possible in order to avoid the overlapping of two adjacent labels. For this 
purpose, all constant time units in the considered time period must be omitted. Examples: 

A: resolution: month, period: 3-Feb-2013 04:36:48 – 4-Mar-2013 15:47:32 
� Format: dd.MM. hh:mm:ss 

B: resolution: month, period: 1-Jan-2013 00:00:00 – 1-Feb-2014 00:00:00 
� Format: MM.YYYY 

C: If there is only one time stamp, the complete date format is to use: 
� Format: dd.MM.YYYY hh:mm:ss 

D: If no resolution is given, the average time interval between two time stamps is deter-
mined as follows: 

�� � ����� � �������
��

�

where ������ is the first and ����� is the last time stamp and ���is the number of time stamps. 
In the next step a resolution is sought, the duration of which is closest to the value���. 

Database access: the data can be managed by any DBMS. The data access must be implement-
ed depending on the DBMS and the database layout. The database connection is established via 
Hibernate [3], an object-related mapping framework for Java. One of the tasks of Hibernate is to 
manage the session for the transaction and the mapping of the database sets into Java objects 
(POJO). The query string for the database access is assembled dynamically, depending on the 
set parameters such as time, location ID and database table. Incoming data is mapped into a Ja-
va object list. 

Error detection and correction: Errors in the database data can have different causes that can 
lead to different effects. By consistency and plausibility check the missing or failure values can 
be detected and corrected by substitute values. 

Calculation of the output data: In some cases, the raw data can be taken for output. However, 
often a conversion is required. In this case, the Java library provides an extensive base of com-
putational functions. Other methods have been implemented for the analysis system, which in-
clude the calculation and conversion of measurement series. In addition to the general calcula-
tion methods (e.g. sum, average value, variance, co-variance, standard deviation) energy-
specific methods are provided, such as: 

• physical quantity calculation (e.g. watt – watt-hour) 
• ratio calculation (e.g. degree of efficiency) 
• Unit (e.g. joule – watt-hour) and unit prefix conversion (e.g. kilowatt – watt) 
• Determining the annual and daily energy demand (heating, electricity, hot water), and 

scaling of the signal on the daily total in percentage according to VDI4655 
• Calculating the fuel amount of energy according VDI4655. 
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5 Graphical user interface 

The GUI is based on the web application framework Vaadin [4]. This allows a design of a visu-
ally appealing, event-based user interface. The organization of the user interface occurs dynam-
ically depending on the defined filter criteria and the filter criteria options. The obtained output 
data is visualized in the form of charts or tables (e.g. CSV file). 

Worth mentioning is the dependency between the selected time period and the suitable resolu-
tion time units. Resolution options with greater time range than the selected time period are not 
suitable. These options are hidden dynamically in the selection. The resolution must be chosen 
appropriately so that the maximum number of displayable data points is not exceeded. The fol-
lowing inequality must be performed: 

� � ��� � ��� �� ������� � ��� 

�:  Maximum number of displayed data points 
���: Time resolution 
���: Total time period to be analyzed 

6 Results and Conclusion 

With the implementation of the Model-View-Controller concept, the graphical filter setting and 
the data output can be dynamically adapted to the requirements of data analysis. Due to encap-
sulation of individual functions, the system can be easily extended with new filter criteria. For 
the determination of the output data numerous function blocks are available, so that the imple-
mentation of project-specific data processing requires as minimal effort as possible. 
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Abstract: This paper deals with predictive analytics on SAP HANA and the implementation 
outcome of the project Raising the power of Ensemble Techniques. A comparison of approaches 
for predictive analytics on SAP HANA is carried out as well as the implementation of a decision 
tree and a random forest algorithm on SAP HANA. All approaches and implementations are 
tested in terms of speed and prediction accuracy. 
 
1. Introduction 
 
We are living in the information age in which data, information and knowledge is rapidly 
growing. Companies are standing before the big challenge to handle this massive volume of data 
[14]. On the one hand, companies have to ask themselves which techniques they should use to 
extract and obtain useful information out of this data flood. They will have to think about things 
like data warehousing, reporting, text mining, OLAP systems and of course data mining [6, 17]. 
On the other hand, they have to decide which IT infrastructure shall be used to process such 
techniques with heavy workload in an economical and powerful way. Future trends are to spread 
the workload out on multi clusters or to process heavy tasks on big single computers with 
advanced technologies. One product of the last mentioned trend is the in-memory platform SAP 
HANA, which combines new technologies like in-memory computing, parallelization and 
columnar data storage [13].  
 
7KLV�SDSHU�IRFXVHV�RQ�GDWD�PLQLQJ�WHFKQLTXHV�SHUIRUPHG�RQ�6$3�+$1$��$V�6$3¶V�GDWDEDVH�KDV�
already big influence on the IT market and at the same time data mining on HANA is still more 
or less unexplored, this area is highly relevant for the current economy and offers a wide range 
on scientific research. 
 
2. Project Idea 
 
The overall project idea is to run further developed prediction algorithms in a powerful IT 
environment to gain both, high prediction accuracies and very fast algorithm processing. 
 
Why Ensemble Methods? 
Predictive statistical data mining has evolved further over the recent years and remains a steady 
field of active research. The latest research results provide new data mining methods which lead 
to better results in model identification and behave more robustly especially in the domain of 
predictive analytics. The application of new sophisticated predictive data mining techniques 
enable business processes to leverage hidden potentials [1,2,6,9,10,25]. One of those further 
developed techniques are ensemble methods. This project is based on those ensemble methods as 
they have already demonstrated their outstanding behavior in the domain of data mining [4,10].  
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Why SAP HANA? 
SAP HANA is chosen as the project environment because it is D�³IOH[LEOH��GDWD-source-agnostic 
WRROVHW� >«@�WKDW�DOORZV�\RX� WR�KROG�DQG�DQDO\]H�PDVVLYH�YROXPHV�RI�GDWD� LQ�UHDO� WLPH´�>�@�� ,W�
enhances data processing by sophisticated technologies like Massive Parallel Processing (MPP), 
in-memory computing, columnar data storage and others [3,11,15,20]. Through this project the 
powerful capabilities of SAP HANA shall be exploited to gain fast processing of CPU-intensive 
predictive calculations. 
 
3. Theoretical Background 
3.1 Data Mining, Decision Trees and Ensemble Methods 
 
%HUU\�DQG�/LQRII�GHILQH�GDWD�PLQLQJ�DV�³WKH�SURFHVV�RI�H[SORUDWLRQ�DQG�DQDO\VLV��E\�DXWRPDWLF�RU�
semi-automatic means, of large quantities of data in order to discover meaningful patterns and 
UXOHV´ [16]. In short, data mining involves the process of extracting specific information out of 
vast chunks of data, exploring the patterns in data and overall knowledge discovery in databases. 
Data mining tools and techniques are used to recognize unknown or hidden information in large 
amounts of collected data. It provides essential tools with which large volume of data and 
information can be analyzed and thus it can be considered as a central step in the knowledge 
discovery in databases (KDD) [18]. 
 
The decision tree model is considered to be one of the most famous data mining methods for 
classification. It is a prediction model which classifies an object or instance. A decision tree helps 
to identify the factors to consider and how each factor has historically been associated with 
different outcomes of the decisions. It uses a tree-like structure with many conditions and their 
possible consequences. Every decision tree begins with a root node, followed by other nodes and 
leafs. Each node in the tree evaluates an attribute in the data and determines which path it should 
follow [18]. 
 
For ensemble models a variety of models are constructed and combined at the end. Those single 
models are called weak learners, as they only get a subset of data by selecting only from a sample 
of training rows (bagging) and by choosing only from a sample of attributes (randomization). 
Anyway, their prediction accuracy is very accurate as all predictions are considered for the final 
result. A random forest model, for example, exist of several decision trees, every single tree 
different from each other. Every Tree is doing its own prediction and at the end, a voting will 
determine the overall prediction of the random forest. Especially for classification tasks, ensemble 
methods show powerful behavior which includes that [4,5,24]: 

x they exhibit an excellent accuracy, 
x they scale up and are parallel by design, 
x they are able to handle thousands of variables, many valued categories, extensive missing 

values and badly unbalanced data sets, 
x they give an internal unbiased estimate of test error as primitives are added to ensemble, 
x they can hardly overfit,  
x they provide a variable importance and 
x they enable an easy approach for outlier detection. 

 
3.2 SAP HANA 
 
SAP HANA is the next generation of in-memory computing technology. HANA stands for High 
Performance Analytical Appliance. The SAP HANA in-memory database solution is also a 
³combination of hardware and software that optimizes database technologies to exploit parallel 
capabilities´ [3]. Main features of SAP HANA are: 
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In-Memory Computing 
In-memory computing means that data is stored completely in RAM instead of main disk. Being 
in-memory is the main feature of SAP HANA database as it enables high speed access to data. 
Furthermore, the database contains many query processing engines such as OLAP engine, row 
engine or join engine. These engines increase the query performance as well [11]. 
 
Columnar Data Storage 
Core of SAP HANA database is the column-based storage. Main idea is that the data of each 
column is stored consecutively on disc or RAM and therefore can be retrieved very fast. Column-
based tables are read optimized and have better compression than row-based tables. They are 
typically suitable for big tables with bulk updates. However, update and insert performance is 
better on row tables. Row-based storage is typically suitable for small tables with frequent single 
updates. SAP HANA�database supports both, row-based and column-based storage [3,19,23]. 
 
Massive Parallel Processing 
Due to SAP HANA column based storage, parallel processing on multi-cores is possible. SAP 
HANA is designed to do basic operation in parallel such as calculations, analytics and 
aggregations. If multiple columns need to be searched or aggregated at the same time, each 
column can be assigned to a separate core. It is even possible to divide a column in sections and 
to assign each section to a separate core [20]. In short words, parallel processing is OLNH�³GLYLGH�
DQG�FRQTXHU´ [15]. 
 
4. Work Packages 
4.1 Work Package 1: Comparison of  approaches for predictive analytics on SAP HANA 
 
There are two ways to use HANA for data analysis. Firstly, SAP is offering data mining 
techniques which are a part of the SAP HANA environment. SAP developed the Predictive 
Analytics Library (PAL) in 2013, which contains more than 40 well known algorithms in the 
fields of classification analysis, data preparation, outlier detection, cluster analysis, time series 
analysis and others [21, 22]��6HFRQGO\��LW¶V�SRVVLEOH�WR�H[WHQG�+$1$�E\�UXQWLPH�HQYLURQPHQWV��
which makes the usage of other analytical languages feasible. In this paper R is chosen as a 
representative of all languages, which can run in an extended environment (see Figure 1). 

�
Figure 1: Comparison of Analytic Options [8] 

To compare both approaches, two algorithms are chosen, the decision tree and the random forest 
algorithm. The C4.5 decision tree algorithm with variations of learning parameters is used on the 
PAL side, while the C5.0 implementation with default settings is applied on the R side. It turns 
out that the PAL C4.5 implementation shows significant longer training times compared to a 
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similar R approach (see Appendix 1). The reason is given by the fact that this implementation is 
relatively new and programmers have not taken the full potential of the HANA architecture [4]. 
The accuracies of both approaches on different datasets are similar with some variations of the 
results due to training parameter variations [8]. 
 
Ensembles are created by using weak learners and the principles of bagging and randomization. 
Some simplifications have to be applied due to the limited flexibility of the PAL C4.5 decision 
tree implementation. Randomization can only be done on a tree level instead of a node level and 
the pruning of trees has to be accepted which is omitted in standard ensemble methods. Large 
deviations in accuracy can be identified for most of the data. Only for some datasets the accuracy 
is comparable between both approaches. It seems that the default settings of randomization 
(#attributes per split = sqrt(#attributes)) on the node level cannot be transferred on tree level for 
datasets in general. The results are improving for more attributes per tree. It is remarkable that 
the PAL ensemble method (RF) in the OPTICAL_REC dataset shows significantly superior 
accuracy than the PAL decision tree (DT). In general there are big differences in terms of 
performance as, in the case of PAL, several procedures have to be created and called for each tree 
of the random forest [8]. 
 
4.2 Work Package 2: Implementation of Predictive Algorithms on SAP HANA from scratch 
 
So far is the main statement that the R approach is faster than the usage of PAL, even if it runs on 
an extended server and therefore data has to be transferred between the HANA and R 
environment, in addition to the main calculation time inside the R server. Resulting from this, the 
overall idea of work package 2 is to implement a prediction algorithm inside SAP HANA from 
scratch. Furthermore, the result shall be integrated into the Data Scientist Prototype, a workflow 
tool in SAP HANA Studio, due to the inconvenient usage of PAL and self-written analytical 
procedures. In the Data Scientist Prototype function nodes can be dragged and dropped, and 
sequences of comprehensive analytical functions can be created to simplify the usage of PAL and 
R algorithms (see appendix 2)[7]. The goal is to deliver five nodes for the Data Scientist 
Prototype, a training and prediction node for both, a decision tree and a random forest, and a 
confusion matrix to evaluate the quality of those models. 
 
Two languages can be used to build analytical nodes in the Data Scientist Prototype, the R and L 
language. R must be executed on a dedicated R server and therefore, data must be transferred 
between those servers. L on the other hand is processed directly in the core of SAP HANA and 
takes advantage of the HANA capabilities. Hence, L is chosen as the programming language for 
the implementation. As L is a restricted, SAP internal language, this paper does not go any deeper 
into the implementation. Instead results are summarized at this point. 
 
Performance Results (tested with the decision tree algorithm) 
For small data sets the performance times of the L implementation are similar to the PAL 
implementation. For larger data sets the PAL implementation delivers better performance results 
(see appendix 3). 
There are three reasons for this performance issue [7]: 

- The random forest method is implemented from scratch in a new language. There are 
some opportunities to improve the performance of this algorithm. An option is to use 
pointer methods pointing on selected rows instead of building new tables, in which 
selected rows are inserted. 

- Time intensive iterative L commands are used instead of fast SQL commands for 
selecting data and doing projections on tables. The usage of SQLScript would deliver 
better performance results. 

- 3DUDOOHOL]DWLRQ� FDQ¶W� EH� XVHG�� DV� DFFHVV� WR� WKH� QHZHVW� YHUVLRQ� RI� WKH� 'DWD� 6FLHQWLVW�
Prototype in not possible in this project period. 
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Accuracy Results (tested with the decision tree algorithm) 
The prediction results are satisfying and the implemented algorithm runs reliably. Depending on 
the data set, parameters and the selection of test and training data, the prediction accuracy can 
either be better or worse compared to the PAL C4.5 decision tree (see appendix 3)[7]. 
 
5. Results and Conclusion 
 
In the first step of this project, possible approaches for predictive analytics on SAP HANA were 
evaluated and tested. Contrary to our assumption, the R implementation delivers better performance 
results than the PAL implementation even if data has to be transferred between two servers. Therefore 
a random forest was implemented directly in SAP HANA by using L. This implementation delivers 
accuracy results comparable to the R implementation. Unfortunately, the speed of PAL cannot be 
achieved with the current implementation by now. 
 
There are a lot of opportunities to use this project results for further improvements. Different parts 
of the L implementation can be optimized. Furthermore, more options and approaches to work on 
SAP HANA should be considered, as for example the application of C++ and the usage of 
parallelism. Beside the performance improvement, there are some options to optimize the 
algorithm and its prediction quality, for example different approaches for identifying the best split 
for numeric attributes or implementing a post pruning by regarding a validation data set. 
 
There is no doubt about the big influence of SAP HANA RQ�WRGD\¶V�DQG�IXWXUH¶V�HFRQRP\��1ot 
least because hardware gets cheaper year by year and thus in-memory-systems get affordable for 
more and more companies, this technology highly influences the IT market. Likewise the 
importance of data mining, which for companies means the ability to gather information out of 
GDWD��FDQ¶W�EH�FDOOHG� LQWR�TXHVWLRQ� To make data mining on SAP HANA more interesting for 
companies, SAP has to enhance usability and functionality of PAL. With revision SPS07, HANA 
contains further PAL functions and also simplifies the usage by providing a graphical editor [22]. 
7KRVH� DUH� QHFHVVDU\� VWHSV� WRZDUGV� D� KLJKHU� FXVWRPHU¶V� UHFRJQLWLRQ�� $� FRPELQDWLRQ� RI� DQ�
improved data mining portfolio and the high performance of the SAP HANA technology can lead 
SAP to achieve growing market shares in this area. 
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Appendix 
Appendix 1: Test Results - Decision Tree and Random Forest with PAL and R  
(tested in August 2013) 
 
Data RF / 

DT 
Time RF 
PAL 
(overall) 

PAL 
Time Training 

Time 
Testing 

Accuracy R 
Time Training 

Time 
Testing 

 
Accuracy  

Dataset IRIS 
(150rows) 

DT -- 95 ms 34 ms 94% 13 ms 6 ms 92% 

  RF 15 min -- -- 95% 23 ms 4 ms 97% 

Dataset KRKOPT 
(28056rows) 

DT -- 7 sec 2 sec 59% 1 sec 332 ms 63% 

  RF 18 min -- -- 27% 14 sec 231 ms 68% 

Dataset Covertype 
(581.012rows) 

DT -- 3:54 min 10 sec 69% 2:18 min 28 sec 94% 

  RF 10 h 50 min -- -- 53% 26 min 10 sec 84% 

Dataset Pokerhand 
(1.025.010rows) 

DT -- 1:18 min 22 sec 93% 1:21 min 30 sec 84% 

  RF 30 min -- -- 50% 158 min 35 sec 85% 

Dataset 
CONNECT4 
(67.557rows) 

DT -- 19 sec 896 ms 77% 12 sec 5 sec 79% 

  RF 13 min -- -- 65% 1:08 min 1,6 sec 81% 

Dataset 
OPTICAL_REC 
(5.620rows) 

DT -- 3 sec 562 ms 61% 898 ms 327 ms 89% 

  RF 29 min -- -- 91% 6 sec 74 ms 98% 

Dataset GLASS 
(214rows) 

DT -- 160 ms 99 ms 64% 21 ms 11 ms 70% 

  RF 15 min -- -- 63% 41 ms 5 ms 80% 

 
 
 
Appendix 2: Decision Tree Workflow in Data Scientist Prototype  
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Appendix 3: Test Results - Decision Tree with PAL and L  
(tested in March 2014) 
 

Dataset 
  
 

 

Llang 
/ 

PAL 
 
 

Create Decision Tree 
 

Predict Decision Tree 
 

Data 
Quantity 

Parameter 
 

Performance 
 

Data 
Quantity 

Parameter 
 

Performance 
 

Accuracy 
 

Iris (150) PAL 95 THREAD = 16 
SPLIT MODEL = 1 

PMML EXPORT = 2 
MIN_REC = 2 

95 ms 55 THREAD = 16 34 ms 0.94 

  Llang 95 Max_Tree_Size = 100 
MIN_REC = 2 

62 ms 55 - 23 ms 1 

KRKOPT ± 
chess data 
(28.056) 

PAL 17.675 THREAD = 16 
SPLIT MODEL = 1 

PMML EXPORT = 2 
MIN_REC = 2 

7.08 sec 10.381 THREAD = 16 2.23 sec 0.58 

  Llang 17.675 Max_Tree_Size = 30 
MIN_REC = 2 

18.18 sec 10.381 - 14.79 sec 0.55 

  Llang 17.675 Max_Tree_Size = 30 
MIN_REC = 10 

10.17 sec 10.381 - 3.06 sec 0.52 

Pokerhand 
(1.025.010) 

PAL 645.756 THREAD = 16 
SPLIT MODEL = 1 

PMML EXPORT = 2 
MIN_REC = 2 

1:18 min 379.254 THREAD = 16 22 sec 0.92 

  Llang 20.000 
(subset) 

Max_Tree_Size = 30 
MIN_REC = 2 

41 sec 379.254 - 5:27 min 0.61 

  Llang 50.000 
(subset) 

Max_Tree_Size = 15 
MIN_REC = 10 

3:44 min 379.254 - 6:51 min 0.64 

  Llang 100.000 
(subset) 

Max_Tree_Size = 15 
MIN_REC = 4 

11:01 min 379.254 - 14:44 min 0.71 

Connect4 
(67.557) 

PAL 42.560 THREAD = 16 
SPLIT MODEL = 1 

PMML EXPORT = 2 
MIN_REC = 2 

18.41 sec 24.997 THREAD = 16 986 ms 0.77 

  Llang 20.000 
(subset) 

Max_Tree_Size = 30 
MIN_REC = 2 

1.55 min 24.997 - 8.6 sec 0.73 

  Llang 20.000 
(subset) 

Max_Tree_Size = 10 
MIN_REC = 20 

0.45 min 24.997 - 1.9 sec 0.74 

Optical_Rec 
(5620) 

PAL 3.540 THREAD = 16 
SPLIT MODEL = 1 

PMML EXPORT = 2 
MIN_REC = 2 

3.7 sec 2080 THREAD = 16 562 ms 0.61 

  Llang 1.000  
(subset) 

Max_Tree_Size = 64 
MIN_REC = 2 

11 sec 2080 - 215 ms 0.82 
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